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Introductory. 

HE picturesque title of ‘“ Houille 
Blanche” which was _ originated 
about twenty years ago by the well- 
known pioneer of the utilisation-of 

power generated from water-falls in France, 
Mr. Aristide Berges, was applied in the 
first instance solely to the reserve of 
energy available in the mountain snows 
and ice-fields. 

This signification has latterly been ex- 
tended to include the utilisation of force 
from all mountainous falls and torrential 
rivers, and the development of this idea, 
as well as the practice, has been gradually 
assuming definite shape, as witness the 
number of hydro-electric works now in- 
stalled. The owners and promoters of 
these latter were compelled, by various 
reasons, chiefly owing to the crisis in the 
trade of calcium carbide and reactional 
legislation, to constitute themselves into a 
syndicate, and in order better to discuss 
the various technical difficulties which the 
situation presented, the Congrés de la 
Houille Blanche was inaugurated, at 
which the most prominent technical and 
legislative ability was represented. 

Over five hundred men of all qualifica- 
tions attended the meetings, which were 
fittingly held in the interesting district of 
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our present description, these delegates 
being collected from all parts of France, 
and even from abroad. 

From September 7th to September 18th, 
1902, numerous conventions and meetings 
were held, and visits were made to the 
typical works and factories of the district. 

The meetings naturally divided them- 
selves into two kinds, following, in broad 
lines, the questions raised thereat, which 
comprised both economical and _ technical 
aspects of the matter. 

In the consideration of the economical 
questions at meetings specially convened 
therefor two aspects were dealt with : 

(1) The State considered as the owner 
of the hydraulic energy, and giving 
concession for its use, under certain 
conditions, to individuals or 
societies. 

(2) The falls and source of energy con- 
sidered as the individual property 
of the proprietors of the district in 
which the same is found. 

The various arguments advanced, for 
and against, cannot be here discussed ; but 
it is sufficient to add that the great 
majority of the congressmen oppose the 
state ownership or intervention, though at 
the same time considering the second 
system somewhat defective, owing to the 
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power of one unwilling proprietor to veto 
any scheme partly affecting his interests. 
The second resolution was, however, 
agreed upon, leaving to future decision 
modifications which will evolve from its 
application. 

In the technical sectional meetings, 
several papers have been read dealing with 
river flow, regulation, variations of level, 
utilisation, and measurements, not omit- 
ting the transmission of power, and the 
applications in electro-chemistry. 

The more strictly technical part of the 
subject was investigated by a number of 
eminent engineers. The transportation 
of power received particular attention, 
especially concerning certain particular 
systems ; that is, high tensions at con- 
tinuous and three-phase currents, and 
even with reference to their actual use in 
stations, as will be hereafter described. 
With reference to these should be quoted 
the names of MM. Thury and Boissonnas. 

Having regard to the electrical char- 
acters of the plants M. Picou strongly 
opposed the defective practice of building 
alternators for direct generation of very 
high tensions, for example, 26,000 volts, 
which is used in one of the installations 
visited. 

The electro-chemical industry was repre- 
sented by M. Gall, whose remarks con- 
cerned chiefly the economic side of the 
question. He gave his conclusions re- 
garding the actual status of the branch of 
industry which he represented, especially 
in connection with the calcium carbide 
trade, which has undergone such a crisis 
within recent years. It would appear that 
the production of aluminium has been 
worked in connection with the former 
trade, and also that the production of 
chlorine and chlorides is allied to the 
same, being only limited by the demand 
for these latter chemicals. Interesting 
details were also given regarding the study 
made in France in late years in the pro- 
duction of ferro-chrome, ferro-silicium, 
ferro-nickel, etc., for disposal to iron 
foundries, together with products forming 
these latter alloys. 

As regards the hydraulic questions 
dwelt upon, most papers read _ related 
solely to certain specific installations, and 
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will be best treated in descriptions of such 
plants. In this class may be included 
regulation of streams by reservoirs, speed 
governing of turbines, investigations of 
conditions of flow from alpine districts, 
etc. 
It is proposed to deal with but one of 
the above points of interest, which being 
of general character, applied to most 
hydraulic and electrical installations. ‘Fhis 
is in respect to the direct utilisation of 
mountain streams deprived of reservoirs, 
which form the majority, and are charac- 
teristic of this wild region. By courtesy 
of the author of the Paper, we are enabled 
to give much of his data and information 
which will help in the general con- 
siderations of the subject. 

The title of the paper referred to is the 
“ Utilisation of a Torrential Fall,” but it 
will be seen that we have enlarged the 
points of view dealt with by the use of 
information derived from visits made, and 
other sources. 


Characteristics of a Torrential 
River. 

The output of torrents is tediously 
variable, depending not only on the 
season, but also on the amount of rain or 
snow falling within a given time, and the 
quality of the basin or watershed. Snow- 
fields and glaciers form reserves of long 
duration, but the available energy is very 
variable, the streams and falls being very 
rapid, and not of a lasting character. The 
woods and forests form, so to speak, a 
temporary reserve by withholding the quick 
descent of the water to the watercourses. 

Taking, for example, the upper Rhone 
in the Valais. In time of high water the 
upper Rhone may reach as much as 
600 m. 3 for one or two days. In ordinary 
years, however, the maximum is below 
300m. 3 for the same time. 

The average, during 19 days, out of 
365 days, is 21-30 m.3. * The average, 
during 39 days out of 365 days is 
30-40 Mm. 3. 

This will be seen clearly from the 
accompanying diagram, which is charac- 
teristic of most of the streams of the 
region. Fig. 1 represents the variations 
of flow of the upper Rhone in the 





























Vallais. This diagram thus 
refers to the largest river in 
the region. Similar diagrams 
will be given in due course in 


the respective descriptions 
hereafter. 
In the above or similar 


cases, it would be very unfor- 
tunate to count on _ several 
hundreds of cubic metres, and 
to thus fix the power of the 
machines and the receipts 
from subscribers. 

Electro - chemical employ- 
ment of energy, however, 
allows the use of irregular 


power. 
In certain cases, however, 
which will be dealt with later, FIG. 


some lakes, forming natural 
reservoirs, allow, when their 
capacity amounts to at least one-fourth of 
the total annual flow of the stream, the 
complete regularisation of the flow, and 
make possible a regular daily flow. 

In other cases it has been possible to 
install artificial reservoirs, but generally of 
too small a capacity for allowing a com- 
plete regularisation of the flow ‘The best 
that can be done in most cases, is to 
store an amount equal to the daily flow, 
in order to have sufficient water for the 
maximum. 

Lastly, in other cases, and more espe- 
cially when a public service of lighting and 
traction, for instance, is obligatory, it is 
necessary to have reserve steam plant. 

On the other hand the electro-chemical 
industry is well adapted and can much 
more easily accommodate itself to the 
irregularity of flow. Among these appli- 
cations, foremost was the calcium carbide 
production, but it has been discovered 
that acetylene consumption was far below 
the expectations, and the expected de- 
velopment has not taken place. 

The main difficulties applying to the 
nature of torrential rivers will now be ex- 
amined, together with the best practicable 
dispositions for remedying the trouble. 

During very high floods the rivers carry 
immense quantities of floating and sus- 
pended matters, leaves and branches of 
trees, sand and pebbles; and great care 
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1.—DIAGRAM SHOWING THE AVERAGE MONTHLY VOLUMES OF FLOW 
OF THE UPPER RHIIONE RIVER AT SAINT-MAURICE (1890 TO 1899). 


must necessarily be taken for protecting 
the plant, conduits, and especially the 
turbine distributors therefrom. 

Pebbles and floating matters have to be 
feared mostly, as they may cause obstruc- 
tion in conduits, and mainly in turbine 
distributors, thus causing a complete stop 
of the plant. ‘This does not take account 





FIG. 2.—SHOWING HOW A TURBINE BECOMES WORN BY 
THE ACTION OF SUSPENDED MATTER IN THE WATER. 
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FIGS. 3-8. —SHOWING "METHODS FOR DISPOSING OF FLOATING MATTERS AND GRAVEL. 
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of the sand of an exceedingly fine nature, 
which is in suspension in the water and is 
impossible to get rid of, and which causes 
rapid deterioration and wearing of the 
turbine vanes and distributors. Arrange- 
ments are made, however, for allowing a 
rapid replacement of the wearing parts, as 
it has been shown by many experiments 
that comparatively pure water, such as 
obtained from still lakes, causes a rapid 
wear owing to the high pressure. 

Fig. 2 shows a turbine thus worn out 
after a few months operation 
at a pressure of 130 m. of pure 
water. 

Regarding the best means 
adopted for disposing of the 
floating matters and gravel, 
our readers will find them 
represented in Figs. 3 to 8. 

Figs. 3, 4, 5, and 6 refer to 
water intake devices. The 
dam is a masonry construction 
of curved form, the convexity 
of which is facing up-stream, 
for sake of resistance to water 
current. 

Fig. 4 shows the dam profile 
arranged for the overflow fall 
of water, and the pilings, 
sometimes added down stream 
for avoiding the baring of the 
river bed by the water. 

On the intake side of the 
dam is provided an outlet # 
for discharging the deposits. 

The intake is made by a 
longitudinal overflow d Af, 
provided with a grating g, 
intended to keep out the floating matters. 
These are removed by the river flow: It 
is highly important to take surface water 
by overflow, in view of having compara- 
tively clean water. 

The intake vane v regulates the quantity 
of water. Directly after the intake is 
seen the intake chamber ¢, in which 
water has a low speed, and thus deposits 
a deal of the suspended matters, which 
can_be discharged by the bottom open- 
ing vz. These figures are self-explanatory, 


and do not require much commenting 
on 


The decanting chamber ¢ is followed by 


the canal ca, the lower end of which is 
arranged as seen in Figs. 7 and 8. 

The following rules apply to the canal 
construction itself :— 

Protection from avalanches or rock falls 
is essential, these occurrences being frequent 
in this country. For this reason the canal 
is removed from the rocky surroundings, 
and is made of armoured cement, sup- 
ported by special bed of concrete ; or elSe 
is made in a tunne! in the rock itself. In 
the latter case the tunnel must be suitably 








FIG. 9 VIEW OF A WATER CONDUIT PROTECTED BY A PREZOMETRIC TUBE. 


lined with hydraulic cement, even in the 
case of compact rock. Neglect of this 
precaution has often led to great damage. 

The charging chamber overhangs the 
station, more or less distant, and must be 
very securely and strongly constructed. 
Figs. 7 and 8 represent the main parts 
into which the chamber is usually divided. 

(1) ¢ d and d are decanting chambers, 
divided by a grating g, on the top of which 
is a leaf-catcher e inclined on the river 
side, where the water current carries away 
the leaves. On the same side is a regu- 
lating overflow valve discharging to the 
river the water not used by the station. 
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FIG. 10.—MAP OF THE 


(2) Second chamber, co, divided from 
the preceding chamber by an overflow, «x, 
is intended to charge the conduits feeding 
the station. The admission valve is 
mounted on the chamber, and not on the 
conduit, in order to allow communication 
from the conduit to the open air; thus, 
in case of sudden emptying of the con- 
duit, there is no vacuum inside, and there- 
fore no flattening of the conduit by reason 
of atmospheric pressure — an incident 
which has been experienced in Chedde 
station. The same reason affords an 
explanation of the use of open-air tubes, 
which are often used on the length of the 
conduits, of which Fig. 9 offers a fair 
illustration. 

Protected from the fall of rocks, like the 
canal itself, the forced conduit is made of 
soft boiler-steel sheets assembled by 
rivets. The thickness is so calculated 
that the strain does not exceed 4 to 6 
kilogrammes per mm.2. For smaller sizes 
of conduits, however, the steel sheets are 
fitted and soldered. 

The sections of theconduit are connected 


LANCEY DISTRICT. 


by means of short overlapping joints, 
riveted; or by means of flanges, with the 
interposition of asbestos and copper or 
lead joints. 

When of a large diameter the conduit 
should be supported at points up to half 
its height, for avoiding the deformation 
when suddenly filled up, and especially 
when inclined at a small slope. 

When not underground it is necessary 
to provide for expansion. Expansion 
joints are not recommended, and are 
replaced with advantage by bends. 

The effect of frost in winter would be 
the breakage of the conduit in case of the 
stop of the water-flow. Therefore the 
flow is maintained, or the conduit is 
buried in soft earth to a depth of one or 
two metres, which gives sufficient safe- 
guard. 


The Itinerary of the Congress. 


First and most interesting of the water- 
sheds visited by the Congressmen is the 
Bassin de Lancey, which offers an ex- 
ample of an installation differing in many 




















respects from the one treated above in the 
general considerations. 


Lancey Waterfalls. 
In existence.— 

200 m. head — 500 litres. 

547m. ;, 547» 


474m. ;, 800 ,, 
514m. ,, 800 ” 


Projected.—1,700 m. fall, by means of three 
stations In series. 

The existing installations compose but 
a small part of the projects outlined below, 
but they furnish power to a paper factory, 
to tramway and lighting plants, which will 
be reviewed after a rapid investigation of 
the Bassin de Lancey. 

I. Bassin de Lancey (Fig. 10).—The 
generating station in operation has been 
erected by Mr. Berges at Lancey, and has 
an exceptional situation, being situated at 
a height of 250 metres above the sea level, 
and is overshadowed by the precipitous 
and massive Belledone mountain, nearly 
at the summit of which are several lakes 

namely, the Lake of the “ Grand Site,” 
Lake Crozet, serving the watershed of 
Lancey, and Lake Blanc, forming the 
St. Mury River in a neighbouring valley, 
the flow of which has been so arranged at 
the neck as to feed the Lancey plant by 
means of conduits, marked Z7 on the plan. 

From a hydrometrical point of view the 
basin common to the Lancey and Mury 
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Rivers may be divided into three parts— 
marked A & C—and separated by + + + 
on the plan :— 

(A) Between the levels of 760 and 
1,260 metres, with a superficial area of 
15,800,000 square metres. 

(B) Between levels 1,260 and 2,000 
metres, with an area of 400,000 square 
metres. ) 

(C) Above 2,000 metres, with an area 
of 5,552,000 square metres. 

A fourth zone (D) feeds the Lake 
Domenon, which feeds both the Lancey 
and Domenon Rivers, the latter forming, 
with the Lancey River, below the town and 
installation of this name, the River Isére. 

By agreement come to, the watershed of 
the Lancey plant receives one-third of the 
flow from Lake Domenon, the division 
being made in / in an installation made 
for this purpose, and designed by M. de 
la Brosse, then chief engineer at Grenoble. 

The basin feeding the lakes at Dome- 
non has an area of 2,634,000 m.2, 
one-third of which—that is, 880,000 m.2 

feeding rivers in the Lancey water- 
shed, and also St. Mury, so that the 
resultant area of that part of the common 
watershed situated above the height of 
2,000 metres is about 6,400,000. 

Lancey station is now fed by four forced 
conduits, two starting from the intake at 
St. Mury, and two from that of Lacombe. 
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FIG, II.—CURVES SHOWING THF VCLUME OF WATER OBTAINED IN THE LANCEY WATERSHED FOR THE YEARS 1895, 1897. 
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Mr. Berges has caused the intake at the 
above points to be accurately gauged, 
which was done regularly between 1895 
and 1897, before the matter was regulated 
by agreement, as above stated. 

The following table and curves give the 
average monthly, as well as yearly, flow 
of water, from which it will be seen that 
the minimum discharge took place in. 1895. 

Fig. 11.—-The curves give the volume 
obtained during the years 1895 and 1897, 


the average flow multiplied by 12 will give 
similarly a number proportional, in the 
same conditions, to the yearly volume, and 
the relation between the capacity of reser- 
voirs and the annual fall of water can be 
easily ascertained. 

The table at foot of page gives the years 
and months corresponding to excess of 
water, and the tabulated figures give the 
excess volume in the corresponding years 
and months. 











from which it will be seen that the varia- 1895 1896 1897 
tions are very great. April -- _ 159°2 
The table below gives the volumes May 2850 : 498"4 
of water, average and maximum, during a Q81°7  14195°92—1-345°5 
5 ’ 5 July 830°5 907 *32 313°6 
four years. Aug. 383°5 679°52 458°6 
With respect to the total yearly fall of Sept. — 1,112°52 843°6 
water, it is interesting to investigate the Oct. 654°52 % 
necessary reserve storage capacity —z.e. the Teun 2 2,480°7 4,549°80  4,118°9 
capacity of reservoirs for regulating the ‘ 
7 ; ‘ Yearly average volume :— 
flow. We can, in order to do this, deter- : 1895 1896 1897 
mine from the average flow during certain A (per month) : 
months the quantity which, in summer, is 7 T,021°5 =—-1,420°48 1, 386°4 
in excess is average flow. By total- = pene 
in ex ane of es we age flo a. y 12 A= A12,258°0 17,045°76 16,636°8 
ling these reserves we obtain a sum pro- 
portional to the necessary storage. Thus Ratio R/A: —0°202 0°266 0°247 
Years. Volumes. — of Minimum to Ratio of Maximum to 
Maximum volume. Average volume. 
g Maximum. Minimum. Average. Average. —— Minimum. Average. 
1895 3,420 300 1021°5 0*300 0" 11°4 3°35 
1896 3,800 420 1420°48 *400 ‘110 9°05 2°71 
1897 3.330 380 1386°4 "416 ‘112 8 89 2°44 
1898 3,230 270 13864 "416 084 11°95 2°44 
In 1895 the minimum volume was given on roth March, the maximum volume the 6th June. 
5» 1896 a re a 28th Feb, ai mt 1oth Aug. 
»» 1897 ” ” Y 25th Nov., ” ” 17th July. 
», 1898 sa we te 31st Jan., on ‘a 25th June. 
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From this one can conclude 
that, if the capacity of the 
reservoir amounts to about 
one-fourth of the total annual 
fall of water, it will be possible 
to store all flow above the 
average. 

From the average volume 
per second in litres (V) we 
deduce the yearly volume in 
m.3 (V) by multiplying V by 
O°OOI X 365 x 24 x 60= 31,536. 

The following are the rain- 
falls in the Lancey and St. 

- Mury watersheds above the 
level of 750 m. : 
Volume. 
1895. 1,021°5 x 31,536= 
32,214,024m. 3 of water. 
1896. 1,420°48 x 31,536= 
44,796,626m. 3 of water. 
1897. 1,386°4 x 31,536= 
43,721,510m. 3 of water. FIG. 13-—GENERAL VIEW OF LANCEY WITH WATER JET. 
A PRESSURE CONDUIT IS SEEN IN THE BACKGROUND, 








The fall of water in 1896 
therefore amounts to 1°39 


times more than in 1895, and 1°36 times and the surface of this zone being 
that of 1897. 6,400,000 m.2, the depth of water per 

We must consider that there are three square metre is therefore 1°65 m. ‘That of 
parts to the basin. The first, as above the zone between 1, 260 m. and 2,000 m. is 


stated, consists in that part be- 
tween the levels of 760 m. 
and 1,260 m. The second, 
that comprised between the 
levels of 1,260 m. and 2,000 m. 
The third part is that above 
the level of 2,000 m. 

The quantity of rain and 
snow which forms the flow in- 
creases with the altitude, and 
Mr. Berges, agreeing with the 
opinion of the best meteoro- 
logists, estimates that the flow 
of water from each zone is in 
the following ratio: 5, 7, 11, 
the latter figure applying to 
the highest region. 

The relative volumes of rain 
for the three zones are de- 
duced from the _ respective 
areas of these zones, as re- 
corded in the table on p. 482. 

The fall of water (as snow 
or rain) in 1895 on the zone 
No. 3, above 2,000 m. from 
sea level, being 10,533,986 m., FIG. 14.—-GENERAL VIEW OF LANCEY INSTALLATION FROM DOWN STREAM. 














1°65 
XT 1°05 Mm. ; 
11 
"65 x , 
the lower zone +9 S075. We have 
II 


thus the following table : 


Ist zone. 2ndzone. 3rd zone. 


In 1895 o'75 1°05 1°65 
1896 (1°39) 1°04 1°46 2°29 
1897 (1°36) 1°02 1°43 2°24 


The minimum flow was, in 1895, thus 
proportional to the following respective 
figures : 
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Ist zone a Tro litres. 
2nd ,, me ai a a 
3nd ,, a ae os ae <s 


With no regulation of the superior lakes 
the power at Lancey station in 1895 was 
V x H= 300 x 500 = 150,000 kg.m. As- 
suming a turbine efficiency of 75 per cent., 
dividing the kg.-metre by too gives the 
mechanical horse-power on the shaft of the 
turbines, thus = therefore 1,500 h.p. 

With regulation of the water-flow falling 
from the 3rd zone, through the intermediate 





FIG. 15.—INSIDE VIEW OF LANCEY LIGHTING STATION, 





Relative Values 
of Special 


Volumes. 


1. Between 760 and 1,260 5 
2. ss 1,260 and 2,000 7 
3- Above 2,0CO ... eee II 


m2 Relative Proportion of 


Areas Product. Volume 
m2 X 105 of Rain. 

158 790 0°367 or 367° 
94 058 0°306_—,, 
64 704 0°327 ,, 
2,152 1,0cO 





m*?=sq. m. 


























lakes, the annual flow can be taken as 
10,500,000 m.3 per year, which corre- 
10,500,000 





sponds to — = 333 litres per sec., 
31,536 
regular flow during the whole year. This 
will give, then, as minimum water : 
Flow from Ist zone... ... ITO litres. 
“i ae —— a 
Pa ie ata. ae 
Total §35 litres. 


The above will give 2,675 h.p. on the 
turbine shaft with a fall of 500 metres. 
Obviously there would be no need to 
regulate the flow to obtain a steady out- 
put, as in the moments of low-water the 
flow can be augmented by means of the 
upper reservoir. 

Mr. Berges has adopted the following 
arrangement of reservoirs, which will be 
completed in the near future. To connect 
the Lake Blanc and the Lake Grand Site 
by a tunnel of 1,300 m. to the Crozet lake. 
(Both these tunnels are already started.) 
This would give three successive reservoirs 
regulated by valves. At the present time 
the Lake Blanc is pierced by a tunnel of 
400 m. in length, at a level of 21 m. below 
its surface, in order to tap the extra 
1,100,000 m. thus given. The tunnel of 
Lake Crozet has also been finished in 1897, 
and allows the level of the lake to be 
lowered some 25 m.; and a dam of 
3°60 m. in height gives 1,200,000 m.3. 

Lake Blanc 
Lake Crozet 


1,100,000 mM. 3. 
1,200,000 ,, 


Total 2,300,000 m. 3. 


The above-mentioned dam can be raised 
above 3°6 m., and each additional metre 
gives a reserve of 75,000 m. to 80,000 m.3, 
so that, as we have seen, the reserve in a 
year of maximum flow should be 0*202 x 
10,500,000 = 2,121,000 m.3, which should 
be sufficient for all needs. 

Besides the regulation of the lakes as 
above, the projects of Mr. Berges include 
the following (illustrated by profile, Fig. 12): 

(1) The building of a station at Pré 
des Fourneaux, using the waters of the 
watershed above the height of 2,000 m., 
with a head of 750m. 

(2) The building of a second station at 
Mas Julien, receiving the water from Lake 
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Crozet plus the water flowing from the 
second zone, all collected by conduits 
without pressure, and led to a reservoir 
placed at Prelong at the head of fall of 
425 m. 

(3) The retention of the Lancey station, 
receiving, as now, all waters from the 
three zones, with 500 m. head. 

Thus the total head of the fall will be 
750 + 425 + 500 = 1,675 m., with a mini- 
mum annual output of 10,500,000 m®. 

Thus the following k.g.-m., or corres- 
ponding ton-metres, for the above three 
stations give the following figures : 


Station. Ton-Metres. 
Fourneaux 10, 500,000 x 750= 7,875,000,000 
Mas Julien 10, 500,000 x 425 = 4,462,500,000 
Lancey ... 10, 500,000 x 500 = 5,252,000,000 


Total 17,589, 500,000 


Now a horse-power-hour on the shaft of 
the turbines, assuming an efficiency of 75 
per cent., represents 60 x 60 x 100 k.g.-m. 
water power = 360,000 k.g.-m., or 360 ton- 


metres. Thus the yearly h.p.-hrs. = 
17,587,500,000 
5 ae = 48,854,200 h.p.-hrs. 
The daily h.p.-hrs, = 
8,854,2 
a 183,800 h.p.-hrs. 
365 


—te. a power of 5,575 h.p. for a con- 
tinuous uniform full load output at the 
stations, or 11,150 h.p. for a 12 hour load 
per day. To this power will be added the 
power which could be collected in the two 
lower stations for the second zone, the 
output of which is not regulated. 

Now, calculating the minimum power 
of the second zone as: Head of fall 
425 + 500 = 925 m. (minimum volume 
g2 litres,)—that is, 85,180 kg.-m. per 
second, 851 h.p. on turbine shaft. 

At Lancey station the volume of water 
for the two lower zones, under 500 m. 
head fall: minimum volume or weight = 
110 + 92 = 202 litres or kg.; power = 
202 x 500 = 101,000 kg.-m. per second, 
or 1,010 h.p. Thus we have on turbine 
shaft, at uniform power, during the whole 
of the year: 5,575 + 851 + 1,010 = 
7,436 h.p. This supposes that the water 
retained in the higher lakes of the third 
zone is only 2,121,000 m.3. This would be 
increased, for instance, by a dam of 15-m. 
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height, which would augment the amount 
of water retained of 75,000 m® per metre 
supplementary height, also 75,000 (15 — 
3°60) = 855 m*%, thus carrying it from 
2,300,000 m* to 3,155,000 m®°. 

It would therefore be possible to greatly 
increase the help given by the lower zone 
at times of low water, and, in large propor- 
tions if this were necessary, the power of 
the plant. 

In summer, when the lower zones have 
a much superior power to that which we 
have seen as their minimum power, the 
maximum power of the lower falls would 
equal 11°4 (851 + 1,010) = 21,615 h.p. 
The retaining valves or vanes would be 
closed, so that in winter, when the water 
is low, the reserve water would make up 
any deficiency. 

For getting this result the power would 
have to be increased: turbines, first zone, 
1,010 h.p.; second zone, 851 h.p.; third 
zone, 5,575 h.p. For a steady output of 
10,000 h.p., turbines of the third zone 
8,139 h.p., and increase proportionally 
the power of the others, in order to have 
a greater reserve of water in the third 
zone. 

One of the falls in existence at Lancey 
can be seen from Fig. 13. One of the 
conduits is open in this figure, and a 
magnificent water jet is thus shown. ‘The 
jet is of such a force that the Congress- 
men were unable, after repeated efforts, to 
cut the jet near the conduit by means of 
a sword. 

Fig. 14 shows the whole of the installa- 
tion from the tail-race side on the right, 
the paper factory and lighting station 
appearing on the left and the tramway 
installation on a rocky bank. 

I. The Berges Paper Factory, above- 
mentioned, is used by the proprietor in 
the production of paper (10,000 tons per 
annum), wood-pulp (3,500 tons), and cellu- 
lose (4,000 tons), and is run entirely by 
mechanical means from the waterfall. 
Twelve turbines are installed of an aggre- 
gate power of 4,000 h.p. to 5,000 h.p. 

The plant was originated in 1868, when 
the first conduit was laid to bring water 
with a head of 200 m. from the Combe 
torrent. The volume of water available 
was 500 litres per second. This plant has 
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been very successful, and no difficulties 
whatsoever were encountered from the use 
of the high head of water. 

The turbines of 4,000 h.p. to 5,000 h.p., 
as above-mentioned, are moved by the 
action of water jets of 20mm. in diameter 
at the periphery of the wheel. Only four 
jets are needed for a turbine of 600h.p. 
The turbine wheel is of large diameter— 
some 4 m.—for the 600-h.p. type, and the 
thickness of the wheel is but 5 c.m. 

A continuous-current generating set is 
used in connection with the paper mills 
for production of hypochloride, used for 
bleaching the pulp. 

Il. Zhe Lighting Station —A radius of 
15 km. from Lancey, in the Grésivaudan 
valley, is served with energy from the 
lighting station. There is nothing of 
great moment in this station, the same 
mechanical machinery being employed as 
in the paper factory. ‘Two single-phase 
generators are installed, feeding the high 
tension line with the intermediary of step- 
up transformers (fig. 15). The peculiarity 
of these transformers is their paraffine in- 
sulation, their windings and cores being 
dipped in this material. 

The line voltage is 10,000 volts, the 
frequency is 50 cycles. Great economy 


‘was observed in the line construction, the 


total length of the transmission being some 
50 km. 

The line transformers, that is, the trans- 
formers installed on the line itself, step- 
ping down the voltage to 120, are also 
insulated by means of paraffine. 

Electric lighting is employed very gener- 
ally, owing to its cheapness, and even 
cottages are not without the glow lamp. 
The charges for lighting are the following: 
16 c.p. lamp, per year, 25 frs.; 10 c.p. 
lamp, per year, 15 frs.; 5 c.p. lamp, per 
year, 10 frs. This gives a total of 55 frs. 
for 35 c.p., an average of 1°60 frs. per 
candle year. The electric lighting system, 
as will be seen from the above, is a very 
popular one in the district, a fact that the 
promoters do their best to foster, by 
means of popular charges to customers. 


Electric Tramway from Grenoble 
to Chapareillan. 


The erection of this line presented a 


























very interesting problem, by reason of the 
following : 

(1) Great length of line. 

(2) Great height of fall, 509 m., which, 
issuing from the icefields, presents the 
very great advantage of producing a motive 
force varying as the requirements of the 
tramway, that is, giving the maximum in 
summer, and the minimum in winter. 

(3) The great distance of the station 
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continuous current, the neutral conductor 
being the track rails, which system offers 
the following advantages :— 

It allows the concentration of all the 
generating machinery into one station, 
and avoids the establishment of sub- 
stations, from which results a reduction of 
the labour charge, and of spare material 
for the installation, and also the centralisa- 
tion of exploitation records, as well as 





FIG. 16.—INTERIOR VIEW OF LANCEY 


from the nearest point on the line, which 
amounts to about 3 km. 

(4) Great irregularity of the profile. 

(5) Lastly, the use of heavy trains for 
passengers or goods, consisting of three 
carriages. 

The above conditions cause the char- 
acter of the line to approach nearer to a 
railway than to a tramway service. 

To the longrun service is added a 
suburban service with a greater frequency 
of trains, running each half hour in both 
directions. Selection was therefore made 
of the three-wire system of distributing 





TRAMWAY GENERATING STATION. 


simplification of inspection. To this is 
added an economy in line conductor 
copper, and a notable reduction in rail- 
bond connections. 

As far as we know, this distribution 
system, already made use of in various 
lighting and power transmission installa- 
tions, has never before been applied to an 
extended line of tramways, such as that 
from Grenoble to Chapareillan. Its use, 
from the obtained results of operation, 
shows that the system offers an advanta- 
geous solution of the problem. 


Generating Station.—The generating 
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FIG. 17.—GRENOBLE-CHAPAREILLAN TRAMWAYS: DIAGRAM OF CONNECTIONS, 


A. Compound-wound Generator. 
#, Compound-wound Booster Motor. 


station uses a fall of 500 m. situated on 
the flank of a mountain, on which is 
situated the generating station on a small 
peaked rock at the entrance of La Combe 
de Lancey, a village about 15 km. distant 
from Grenoble, in the direction of Chapa- 
reillan. The water is brought to the 
station by a steel sheet conduit of 10 mm. 
thickness, under a pressure of 45 atmos- 
pheres, with a diameter of 30 cm., ending 
in a general collector, which distributes 
equally water power to the “Stn. d’Eclair- 
age de la Vallée du Grésivaudan” cited 
above. ‘This conduit forms a collector of 
40 cm. diameter at its lower end. 

From the collector, three conduits lead 
off to feed the turbines. A fourth tube 
has been provided in view of the ultimate 
installation of a fourth turbine. An inside 
view of the station is given in Fig. 16, and 
a view of connections is shown in Fig. 17. 

Turbines—The station includes three 
centrifugal turbines with horizontal axis 
and cast-iron vanes. The diameter of 
these turbines is 3 m. and the weight of 
the wheel is 3 tons. ‘The power of each 
is 375 h.p., and runs at a speed of 325 
revolutions per minute. The water is led 
from the collector to the turbines by 
means of a valve-cock with a servo-motor. 


B. Automatic Field Rheostat. 
F. Overload Circuit-breaker. 


C. Booster Sets. PD. Series Booster. 
G. Section Insulator, M4. Railway Motors 


The admission of water into the turbines 
is made by means of oscillating tongues, 
varying the opening of the bronze nozzles. 
Centrifugal regulators control the three 
turbines, two of which are always in opera- 
tion. The regulators are centrifugal force 
and servo-motor by a double ratchet and 
catch system. 

Dynamo-generators. — Each turbine is 
directly coupled by means of a Raffard 
coupling to continuous current generators. 
Each generator has six poles, and can give 
an output of 417 amp. at a potential 
difference of 600 volts. The field winding 
is compound excited. The shunt winding 
includes a rheostat controlled by an auto- 
matic regulator which maintains the con- 
stant difference of potential at the bus-bars 
of the switchboard. 

Both generators in service are series 
coupled with neutral wire, connecting their 
common point to the neutral bus-bars of 
the switchboard, the outside poles con- 
nected to the outside bus-bars of the same, 
giving 600 volts difference of potential 
between the latter, and 1,200 volts between 
the outside wires. 

The distributing switchboard of the 
generators includes apparatus generally 
employed in traction installations, together 





























with additional material necessitated by 
the series operating of the two generators. 
From the outside bus-bars of the switch- 
board three feeder wires lead to the over- 
head line, ending at three feeding points 
placed where the loss of current, 2.e., the 
consumption of current, is the highest. A 
seventh wire connects from the neutral 
bars to the rails, and its cross-section area 
is 125 mm.2, which is much smaller than 
the total area of the three feeders. This 
wire is in fact only, in normal operation, 
an equilibrium wire, and serves asa return 
in case there be but one motor in opera- 
tion on the line. 

The following are the extremities of the 
feeders and their drop in volts: Grenoble, 
250 volts; Les Drogeaux, 150 volts; 
Chapareillan, 400 volts. For the auto- 
matic compensation of the drop in the 
line, each feeder is automatically boosted 
by a booster set composed of a motor and 
two generators, boosting the line up to 
the necessary tension. The motors of 
these boosters are fed from the outside 
wires of the switchboard, that is, at 1,200 
volts, derived from the two principal 
generators. ‘These motors are compound 
wound, which permits a very constant 
speed, whatever work they are called upon 
to fulfil. 

The booster generators are direct- 
coupled to booster motors by means of a 
Raffard elastic coupling. ‘The motors are 
also run therefore at a constant speed. 
The generators are series wound, and the 
amount of the boost is therefore a func- 
tion of the current they carry, the field 
varying in proportion to this current 
between limits. The difference of poten- 
tial between the two line wires is thus 
rendered effectively constant. 
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As seen from the drawing, the two 
generators of the boosting set are con- 
nected to the line similarly to the two 
motors of a car on the line. They would 
tend to revolve as motors in the reverse 
direction, if their motors broke down for 
any reason, and not only would their 
speed increase, but, by reason of their 
series winding, it would tend to accelerate 
dangerously. ‘here is therefore a ratchet 
and catch at end of shaft, in order to 
provide for emergencies. If there happens 
to be a reversal of rotation, the catch 
engages a switch which short circuits the 
armature of the generators. Thus the 
fields alone have current, and no torque is 
produced. 

The feeders are connected to the bus- 
bars through the second distribution 
switchboard, called booster switchboard. 
This switchboard carries all the measur- 
ing instruments, safety devices and control 
necessary for the good operation of the 
installation. Among other safety appli- 
ances may be mentioned automatic circuit- 
breakers placed on the feeders to protect 
the booster generators against abnormal 
outputs or short circuits of an accidental 
nature. Atmospheric discharges are, of 
course, protected against by means of 
lightning arresters. 

Line.—The line leaves the Lancey 
station, and crosses the railroad tracks 
of Grenoble-Chambéry on a gangway 
specially constructed, and crosses the river 
Isére, which at this place has a width of 
about 125m. It is composed of six 
copper conductors, with a section varying 
from 125 mm.2 to 65 mm.2, and the 
neutral cable has a section of 125 mm.z. 

A telephone line, connecting all the 
stations and deépdts and the Lancey 


+ 
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OVERHEAD CROSSING ARRANGEMENT. 
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station, follows the same course. All 
the conductors are supported by porce- 
Jain insulators, with two petticoats, fixed 
on metallic poles of the André and Joya 
system. 

Track.—The track, of a length of 
43 km., including the sidings at Grenoble 
station to the P.L.M. railway station, runs 
along the Grésivaudan valley, on the right 
bank of the Isére. The suburban district 
is formed of Vignole rails, 25 kilos to the 
metre, and the part within the city boun- 
daries is formed of Broca rail, of 40 kilos 
to the metre. Each track is electrically 
bonded. 

Overhead Trolley Line-—The overhead 
line is formed by hard-drawn copper wires 
of 9 mm. diameter, distant 700 mm. from 
one another. ‘They receive current from 
the feeder switchboard outside wires, and, 
in consequence, the difference of potential 
between wires is 1,200 volts. 

The line is supported by either metallic 
poles with brackets of the Joya system, or 
by cross-wires suspended between side 
poles or wall fixtures. In crossings, the 
overhead line is formed of four wires, and 
even more are requisite in stations and 
important places. These crossings have 
necessitated a special arrangement as 
shown in Fig. 18. 

Rolling Stock.— The rolling stock in- 
cludes motor-cars and trailers, closed in 
winter and open in summer. They were 
built by the “ Cie. Francaise de Matériel 
de Chemins de Fer,” at Ivry. The motor- 
cars are two-axle type, the bodies contain 
48 1st and 2nd class seats, and permit ten 
standing places at the front and rear plat- 
forms. ‘They are equipped with two four- 
pole motors of 35 h.p. each, operating on 
one side of the three-wire system, that is, 
each motor works under the tension of 
600 volts. 

The load is usually the same on both 
motors of one car. In case the load is 
unequal and the motors take varying 
current, the track returns the differential 
current to the return feeder. The rai! 
bonding gives the track a good conduc- 


(To be concluded.) 
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tivity, and the independent control of 
both generating sets at the station allows 
a difference as high as may be necessary 
in operation, which would not obtain with 
coupled generators. 

The controllers are placed on the roof 
of the cars, in a projection near to the 
resistance boxes. The operation is possible 
from each platform by means of a handle 
which the motor-man carries with him 
from one platform to ‘the other when 
changing direction. Simple reduction 
gears are provided to the motors. 

When disconnected from the line the 
motors may be arranged, by a special con- 
nection cf the controller, to expend their 
energy by acting as generators and send- 
ing current througha rheostat continuously, 
variable from a maximum value to o 

The trailers are provided witi shoes in 
the form of large magnets suspended from 
the cars. Electric couplers and jumpers 
connect them in circuit of the motors 
acting as generators, these electros having 
a considerable tractive power and con- 
sequently strong braking effect on the 
wheels. The same shoes can equally be 
applied mechanically by means of special 
brake-rigging. The trailers are supplied 
also with screw-brakes. 

The interior and exterior lighting of all 
the cars is electric, and fed by a circuit 
derived from one of the sides of the three- 
wire system. The electric heating of the 
cars is arranged in the same manner. The 
heaters are placed under the seats, and 
their regulation is very easy. ‘The collec- 
tion of current is made by means of two 
special trolleys carried on bronze metallic 
tubes with tips of soft metal. Each tube 
is pivoted on a separate cast-iron base, 
supported by porcelain insulators ; power- 
ful coiled springs maintain a pressure of 
6 kg. on the contacts of the line. The 
power of the station is such that it can 
put into circulation simultaneously nine 
trains of about 30 tons, of which eight are 
passenger and one a goods train. 

The whole electrical installation was 
carried out by Schneider & Co. 
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By CHARLES BERTHON, Major. 


(Late Royal Engineers.) 
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T the commencement it may be 

stated that the idea of winding 

wire circumferentially round ord- 

nance for imparting strength is 
not a new one, there being now in exist- 
ence, both {n England and France, speci- 
mens of wired guns hundreds of years 
old. The wire gun is a piece of ordnance 
in which circumferential strength is given 
to a tube or barrel by the process of bind- 
ing it with steel wire at a tension adapted 
to resist rupture from internal pressure. 
It would, however, be more correct to 
describe what is now in use as “tape” or 
“riband” rather than “wire.” - This 
particular material is employed for the 
purpose on account of its great strength 
and the non-existence of flaws. By this 
method of construction the theoretical 
conditions of strength are more nearly 
fulfilled, and the guns are lighter than 
those made in the ordinary way. The 
mode of construction in its present form 
was first patented by Mr. J. Longridge, 
M.Inst.C.E., though Dr. Woodbridge, an 
American, claims to have invented the 
system in the year 1850. Up till the 
present, however, the U.S. Government 
have not seen fit to adopt it, in spite of 
the fact that they have greatly experi- 
mented in the direction since that date. 
In 1871 a Captain Schultz investigated 
the subject in France, designing quite a 
number of wire guns, several of which 
were made for the French Government. 
The system, however, was not adopted 
in the gun factories of that or any other 
foreign Government, the wire guns pos- 
sessed by many powers being “ made in 
England,” either by Armstrong or by 
Vickers. Between 1875 and 1879 up- 
wards of forty wire guns of different 
calibres, up to 10 ins., were built at 
Elswick ; but after 1879 the system was 
abandoned for a time. The ordinary 
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construction seems. then to have been 
considered to afford ample strength, while 
on the other hand the new system was 
found to involve the expenditure of too 
much time, as well as proving itself to be 
more costly than the ordinary method of 
manufacture. Of course in the ‘‘ hoop” 
construction the wrought-iron hoops could 
be prepared simultaneously with and 
independently of the gun tubes, thereby 
facilitating rapid production of the finished 
gun. 

Two guns in accordance with Mr. 
Longridge’s designs were made—one in 
1885, by Easton & Anderson, for the 
British Government, and the other in 
1888, at Aboukoff, for the Russian Govern- 
ment. Both of thesé guns were of 6-in. 
calibre, the wire used being in the form 
of tape one-tenth of an inch thick. Mr. 
Longridge advocated a thin tube, having 
a low modulus of elasticity; being of 
opinion that, if steel wire could be obtained 
with a modulus of elasticity of 30,000 tons, 
it would be the best possible material in 
combination with a tube having a modulus. 
of about 5,500 tons. Ordinary English 
gun steel has an elastic modulus of about 
12,500 tons. 

Though experiments in wire binding 
have been intermittently carried out at 
Woolwich since 1883, the adoption of the 
wire method was not seriously contem- 
plated until after 1887, when the startling 
performances of the 9*2-in.—or so-called 
“Jubilee ”—wire gun attracted so much 
attention. 

The main difficulty in all wire con- 
struction is, of course, the provision of 
longitudinal strength, in order to over- 
come the tendency to bend, so common 
in all long guns. The wire itself imparts 
no longitudinal strength, its sole function 
being to resist the circumferential, or 
bursting, strain. All kinds of objections 
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FIG. 3.—SECTION OF A 12-POUNDER FIELD GUN (PARTLY WIRE CONSTRUCTION). 
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FIG. 4.—HOLDING WIRES IN POSITION FOR SOLDERING JOINT. 














FIG. 5.—SOLDERING JOINT OF WIRES, BEFORE RIVETING, 
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FIG. 6. GAUGE FOR WIRE JOINTS. 
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FIG. 7.—DIAGRAM OF WIRE-WINDING MACHINE, 
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were urged against the adoption of the 
system. It was said that a glancing shot 
might cut away the thin covering hoop 
and “part” several of the wires, while 
the same kind of shot would merely 
indent the hoop in a gun of the ordinary 
construction. As a matter of fact, if the 
wire does break during winding it unwinds 
very little, the friction between the parts 
being so immense. Another of the objec- 
tions raised was that the heat caused by 
firing would so alter the dimensions of the 
gun as to cause variation of the stresses. 
Further, it was asserted that it would be 
impossible to bend wire round a cylinder 
in such a fashion as to ensure uniform 
tension, and it was not until the early part 
of 1890 that the Ordnance Committee 
finally recommended the employment of 
wire in gun-making. Much has been 
said of late regarding the superiority of 
foreign over British guns, but it may very 
seriously be questioned whether this asser- 
tion has any foundation in fact. For, if 
so, it may very pertinently be asked why 
it is that so many foreign navies are 
equipped with British-made guns. 

It is true that higher velocities are 
attained as time goes on, for the simple 
reason that guns are made heavier and 
longer in proportion to their calibre. 
Our 12-inch wire gun (like the American 
12-inch piece of hoop construction) is 40 
calibres long, the weight of projectile in 
each case being 850 lbs. At the present 
time, our tables show the wire gun to 
have a muzzle velocity of 2,481 feet per 
second, and the latest American tables 
give 2,800 feet, the respective energies 
differing accordingly. ‘This would, at 
first sight, seem like a triumph for the 
American gun ; but, bearing in mind that 
no charge has been specified, no genuine 
comparison can be made. Moreover, the 
factor of safety is far greater in England 
than in the United States or any other 
country. High velocities have been at- 
tained in Great Britain with newly-built 
guns, and the apparent difference men- 
tioned above is fully accounted for by 
the fact that, the bore having worn out 
hitherto so quickly, it was considered 
misleading to give in our Service Tables 
a velocity that could only te attained by 
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a new gun. The new American gun, 
referred to in the tables, is practically 
identical with our own, though somewhat 
heavier ; but as our own is of wire con- 
struction, it is safe to assume it to be 
capable of doing all that the American 
gun can accomplish, given the same 
powder. 

Fig. 1 is a section of the American 
12-inch gun in question, Fig. 2 being a 
section of the British 12-inch B.L. gun 
mark VIII., Wire Construction. This 
latter piece consists of a steel A tube 
extending from the seat of the obturator 
to the muzzle. The main 4 tube is 
secured longitudinally to the 4 tube pro- 
per, by means of corresponding shoulders, 
and a steel breach is screwed into the 
A tube at the rear end, the breach bush 
being prepared for the reception of the 
breech screw. Around the 4 tube are 
wound successive layers of wire, extending 
from the rear end of the chamber to 
within a few inches of the muzzle. A 
steel ring, forming a stop for the wire, is 
shrunk on the A tube at the breech end. 
The wire-bound portion of the gun is 
shown in solid black in the sketch. Over 
the wire comes the jacket and JP tube. 
The C hoop, covering the joint between 
the jacket and the ZB tube, is screwed over 
the jacket, being prevented from turning, 
when in position, by means cf a steel pin, 
which is passed through the C hoop into 
the jacket, and secured by a screwed rivet. 
“Thrust rings” are formed on the exterior 
of the C hoop. The wire commences just 
above the breech end of the chamber, the 
first layer extending the whole length, the 
next layer not extending so far, being 
“fastened off” toa steel ring shrunk on 
the layer below, and so on, to make up 
the remaining thickness, the number of 
layers being regulated according to the 
pressure in that part of the gun. There 
are 12 tons, or 100 miles, of wire on one 
of these 12-in. guns. 

Fig. 3 is a section showing the construc- 
tion of a 12-pounder field gun, 3-ins. 
calibre. It will be observed that the 
breech portion only is bound with wire, 
as is usual with small guns. 

The War Office tests are remarkably 
severe. The wire which measures 0°25 in. 
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FIG. 8.— SECTION OF WATER-COOLED JAWS OF WINDING MACHINE, 
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FIG. 9.—WIKE AS BENT FOR FIXING THE END (FULL SIZE). 
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10,—WIRE-BENDING TOOL. 
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FIG. I1.--PART OF COLLAR SHOWING MODE OF FIXING 
END OF WIRE. 


by 0°06 in., must have a tensile strength 
of go to 120 tons per sq. in. of cross 
section, the tests being made on a length 
of 200 ins. Furthermore, a length of 
24 ins., hung vertically and supporting a 
weight of 112 Ibs., must be capable of 
being twisted ten complete turns in one 
direction, and after being unwound, of 
being re-twisted in the opposite direction 
without evincing any sign of fracture. The 
wire is made from a mild steel, its great 
strength being obtained from “ drawing” 
in the usual way, whilst its ductility is pre- 
served by annealing, the scale produced 
by this latter process being removed by 
pickling. Before the wire leaves the 
makers’ works it is tested in 400- yard 




















FIG, 12.—PART OF GUN TUBE SHOWING COMMENCEMENT OF WIRE-WINDING. 
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lengths, but is not cut off, as an important 
point is to produce it in the greatest 
possible lengths. 

The process of winding on the wire 
at the Royal Arsenal, Woolwich, is as 
follows :—The wire is delivered on drums 
in lengths of about 800 yds. This natur- 
ally necessitates certain joints, but these 
are avoided as much as possible. ‘<A joint 
is effected by placing the ends of the wire 
in grooves cut in a steel plate, and then 
passing them under a revolving cutter. 
This reduces the ends to a uniform taper, 
varying from the original thickness down 
to a knife-edge, and thus forms a bevel 
g ins. in length at the end of each wire. 
It is obvious that if these two milled 
surfaces are brought in contact, a uniform 
thickness of wire will be preserved. The 
ends of the wire are tinned on the milled 
side for a length of 3 ins., the surfaces are 
then brought together as above indicated, 
and held in position for soldering by 
nailing them to a flat piece of hard wood, 
as shown in Fig. 4. 

A hot soldering bit, the width of the 
wire and about 3 ins. long, is next placed 
on the wire, and moved slowly along over 
the whole length of the joint, at the same 
time being pressed down tightly and 
followed up closely by a cold soldering 
bit of the same description, as shown in 
Fig. 5. The hot bit sweats the surfaces 
together, the cold one absorbing the heat 
and insuring perfect contact. Thirty-two 
holes of ;';in. diameter are drilled along 
the joint and are then slightly counter- 
sunk, the whole being riveted up with 
mild-steel wire. The joint being thus 
made, it is draw-filed with a dead smooth 
file, and very carefully gauged. The gauge 
(shown in Fig. 6) must pass freely along 
the whole surface, and at the same time 
fit tightly enough to bear its own weight 
anywhere on the joint. Joints made in 
the manner described are practically as 
strong as the wire itself, but it 
is necessary to watch them 
narrowly during a “wind” as 
they are liable to “start” 
while being wound upon a 
tube of small diameter. ‘Two 
varieties of wire are used ingun- 
making, one finished bright and 
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the other dull. In the former kind the splice 
is very difficult to see, for which reason the 
wire is painted red for a length of about 
a foot on both sides of the joint, to indi- 
cate the places where minute inspection 
is necessary during winding. The tension 
given to the wire during the operation of 
winding is from 56 tons per sq. in. at start- 
ing to 32 tons per sq. in. at the finish. It 
must be remembered, however, that vary- 
ing tensions are never employed in the 
same “wind.” The wire is fastened, as 
described later, and then wound on the 
gun tube at a uniform tension, backwards 
and forwards, forming the required number 
of layers. It is then finished off, all inter- 
stices being filled by loose pieces of wire 
cut to the exact shape required. The 
wires of contingent layers cross one 
another. In order to ascertain that the 
correct tensions have been given during 
the binding, the bore of the tube under 
treatment is frequently gauged. A wire- 
binding machine consists essentially of a 
lathe (in which the gun is caused to 
revolye at a constant rate of rotation) 
and a mechanism, the function of which 
is to cause the wire to be wound round 
the gun tube at a constant, definite tension. 

Fig. 7 is a diagram of the machine in 
question. It will be seen that a lever, 
of 8 to 1, presses two surfaces together, 
gripping the wire on its upper and lower 
sides, and at the same time bending it to 
the radius of the jaws, thereby setting up 
the friction necessary to give the desired 
tension. Tension can be varied by 
applying more or less weight to the lever. 
In order to keep the wire cool, the steel 
friction jaws are set in gunmetal boxes, 
through which a constant circulation of 
water flows. The rate at which the wire 
is wound on is about 7o ft. per minute. 
Before starting a “wind” the end of the 
wire is bent to the form shown, its temper 
having been “drawn,” for a few inches, 
by means of a blow-pipe.. The sketch, 
Fig. 9, is traced from an actual bend, 
made for fastening the end of the wire 
before starting to wind, and represents 
the actual width of the wire. The tool 
used for makitig these starting and finish- 
ing bends is shown in Fig. 10. The end 
of the wire is inserted as far as it ill go 
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into the slot in the side of the box, the 
screw 4 is then screwed in, causing the 
die B to bend the end of the wire to the 
required curve. During this operation 
the wire cannot buckle or twist sideways, 
being kept perfectly flat by means of a 
slot in the die. In winding, the wire is 
always started from a collar, which is 
either shrunk on, or integral with the 
tube, and each length of wire is “ fastened 
off” to a collar, these collars bejng pro- 
vided with numbers of set screws with 
square heads. A slot is cut in the collar 
leading to the bottom of each set screw, 
into which the bent end of the wire is put. 
The set screw is then screwed home as 
tightly as it will bear. The set screw, being 
rounded off at the end, slightly “dishes” 
the wire; and further, as the pull during 
winding comes at right angles to the hole 
in the collar, it will be seen that the end 
of the wire is very securely fastened. 

Fig. 11 shows a set screw gripping the 
end of the wire, and Fig. 12 represents 
part of a tube, upon which the winding 
has been commenced. On completion of 
the wind the wire is fastened in a similar 
manner ; but, as it is necessary to keep all 
the tension, a bridle or clamp is bolted 
tightly round the bounden wire before 
allowing the tension of the winding 
machine to be taken off. This device 
effectually prevents any “slacking off.” 
The wire is next cut off to the de- 
sired length, the temper of the end 
being “drawn” and bent, as before de- 
scribed. The bent end is then in- 
serted under a set screw, and fastened. 
After the winding is completed the screws 
are cut off flush with the collar. The 
accuracy with which binding is done 
may be imagined from the fact that 
after twenty, or even thirty, layers of 
wire have been wound on the outside 
layer may be “skimmed” in a lathe, 
without reducing the diameter by more 
than +3 of an inch. 

On completion of the wire binding the 
outside hoops are shrunk on—an extremely 
delicate process, and one calling for the 
greatest skill and judgment. Forgings 
for the tubes and hoops are made from 
steel ingots of peculiar shape, which is 
that of an octagonal truncated cone, super- 
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posed on a short abruptly-tapered circular 
base. The narrower part of the ingot is 
on the top, and as in consequence it con- 
tains impurities, a great part of it (about 
one-third of the whole) is cut away. The 
circular base is also removed. The defec- 
tive material having thus been taken away, 
a test of the steel, for the maker’s satis- 
faction, is taken, and upon this proving 
satisfactory, the ingot is trepanned. This 
is done with a hollow boring-bar, so that 
a circular core is cut out in the form of a 
solid bar, which is available for other 
uses. When, however, the ingot is short 
and the forging to be made from it is long, 
the whole substance is generally required, 
for which reason a hole is pierced oniy 
large enough for the insertion of a mandril. 
Very little forging is done now-a-days 
under the hammer, this being superseded 
by the hydraulic press, which is found to 
be far superior. These presses act at from 
2,000 to 5,000 tons. 

Hydraulic forging presses are always 
vertical ; the head being rectangular and 
flat-faced, the anvil for circular work 
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having a large triangular notch. This not 
only keeps the work truly in place as it 
is tuned round and round, but also 
distributes the pressure equally. 

The forgings for the barrel of the 12-in. 
wire gun are about 43 ft. long, with an 
internal hole between g ins. and to ins. 
diameter. This is a great length for a 
hollow forging having so small a hole, but 
failures are very rare. After forging the 
hoop or barrel is annealed—that is, raised 
to a high temperature, and then allowed 
to cool very gradually. This removes in- 
ternal stresses set up by the process of 
forging, and after being annealed the 
forging generally requires straightening, 
which is done in a hydraulic press. _It is 
then rough turned and bored, and test 
pieces are cut off. Upon the next two 
operations the working strength of the 
steel depends. The forging is first heated 
to a temperature between 1,450 degs. and 
1,600 degs. Fahr., and is then lowered 
direct from the furnace into a well of rape 
oil, where it remains to cool. The effect 
of heating steel and of cooling it rapidly 








FIG. 13.—6-INCH_GUN ON PEDESTAL MOUNTING BY MESSRS. VICKERS, SON AND MAXIM. 
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FIG. 14 —BREECH MECHANISM FOR VICKERS 6-INCH GUN, 


is of course to increase its strength con- 
siderably ; but it also decreases its duc- 
tility, and at the same time internal 
stresses are set up. With a view to keep- 
ing these as low as possible, rape oil is 
employed instead of water, as its heat 
conductivity is lower, and consequently 
the effect on the steel is less sudden. 
Nevertheless the steel is not in a fit state 
to use. The forgings are again heated to 
about .1,000 degs. Fahr., and allowed to 
cool slowly, after which operation further 
test pieces are cut off. Tests are made 
upon these, and according to the results 
obtained, the forgings are passed or re- 
jected. When passed, they are again 
turned and bored to within one-tenth of 
an inch of the finished sizes. 

Boring is done with a fixed boring-bar, 
the work revolving, the finishing cut being 
made by pulling, zo¢ pushing, the boring- 
bar through. In shrinking a hoop upon 
a small gun, it is generally sufficient to be 
sure that it is hot enough, hence gauging 
it inside is not requisite. The hoop is 
simply raised over the up-ended gun, and 





lowered gently until it is within, say, a 
foot of its destined position, when it is 
let go, and drops by its own weight, the 
shoulder on the hoop and that on the gun 
coming into complete contact. Water is 
then sprayed all round the shoulder end 
(bottom) of the hoop, while the upper 
portion is kept hot by means of rings 
of gas flames produced by ordinary 
illuminating gas, and intensified by the 
air blast. The shoulder end is thus 
locked by contraction into the joint, 
and its further motion in either direc- 
tion is arrested. As the hoop continues 
to contract, not only in length, but 
also in diameter, the shoulders within 
move slightly in a breechward direction, 
and press harder and harder against the 
corresponding shoulders on the hoop or 
barrel beneath. This enables the gun 


_better to withstand longitudinal strain, and 


also to resist natural bending stresses. 

The shrinking on of a big hoop is a 
precisely similar operation, the only dif- 
ference being that inside gauging whilst 
hot is indispensable. For this purpose a 
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long T of hardwood is used, the extremities 
of the cross-head being tipped with steel. 
Metal would be useless for this gauge on 
account of expansion from heat when in 
use. The operation of shrinking on hoops 
is performed in a pit lined with cast-iron 
plates, the pit being provided with an 
overhead crane, capable of picking up a 
piece of a gun anywhere in the pit, and of 
depositing it in any other part. 

The details of construction at Elswick 
are practically identical with those at 
Woolwich, except in a few minor details, 
which will be apparent. Among a large 
number of wire guns of different calibres, 
for British and foreign governments, a 
great many 12-in. guns, similar to that 
illustrated in Fig. 2, have been con- 
structed at Elswick. Those for the 
Japanese Navy vary in several important 
particulars from the British gun of 12-in. 
calibre, made collaterally with them at 
Elswick. The Japanese gun is only 
strengthened with wire at the rear half, 
about. five tons of wire being used, as 
against twelve tons in our own pattern, 
and the arrangement: of chase hoops 
differs accordingly. Very long hoops 
cannot in consequence be employed, and 
two shorter hoops with a step-Cown are 
therefore substituted, a double barrel 
being dispensed with. 

The Elswick winding machine is placed 
on a long lathe bed, parallel with the 
rotating lathe, and of about the same 
length. 
on a stout steel spindle, the wire being 
wound upon the former. The rotation of 
the drum is controlled by a brake wheel 
supported on brackets and surrounded by 
a woodblock brake. One end of the 


brake band is attached to a Salter’s spring- 
balance hung from a bracket, and the 
other end carries a suspended plate, upon 
which the requisite weights are placed, 
while a continuous and copious supply of 
lubricant pours over the brake. 


The wire 





It consists of a drum, supported ° 


K- 
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passes from the bottom of the drum to 
the top of the gun, and ts untouched in tts 
passage, so that there is nothing to damage 
it. The gun being caused to revolve 


. in the lathe, itself draws the wire on, 


causing the drum to rotate and part with 
its wire against the resistance offered by 
the brake. 

This resistance is readily altered by 
manipulating the weights, the actual re- 
sistance being shown on a dial. The 
remoteness of the wire machine from the 
gun leaves ample room for a workman to 
stand close behind the gun to see that 
the wiring is properly performed, and he 
makes sure that the wire is wound well 
up into place by tapping it with a copper 
drift. The fact of the wire being practic- 
ally untouched in its passage from drum 
to gun renders it possible to wind at a 
speed about double that which is possible 
with the Arsenal machine. 

Messrs. Vickers, Son & Maxim are 
manufacturing a large number of wire 
guns for the British as well as for foreign 
governments, but as their method of con- 
struction is practically identical with the 
Arsenal practice already described, a few 
remarks on. details only will be made. 
As usually made, the screw to the breech 
block is so interrupted that threaded and 
plain surfaces alternate. for equal parts of 
the circumference, the result being that 
only one-half of the circumference is avail- 
able for resisting the pressure of the 
explosion. Vickers’ breech block, as illus- 
trated in Fig. 14, is divided circum- 
ferentially into segmental portions in 
regular steps, but of varying radii. The 
block for the 6-in. gun has eight segments, 
six of them being threaded, hence three- 
fourths, instead of one-half, of the circum- 
ference is available. This enables the 
breech block to be materially shortened. 
Fig. 13 is from a photograph of the 6-in. 
quick-firing wire gun made by Vickers, 
Son & Maxim, with centre pivot mounting. 

















The Premium System 


of Remunerating Labour.* 
By Mr. JOHN ASHFORD, M.I.Mech.E. 
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HE successful working of a manu- 

factory depends largely upon the 

system of remunerating workmen 

for their labour. Especially is this 
the case where such workmen have to 
attend the working of costly machinery, 
the output from which depends to a 
considerable extent upon the workman’s 
ability and his attention to his work. 
This may be said to be essentially the 
conditions in an engineering workshop 
where a large portion of the work is done 
upon machine tools. 

We may take it that one of the first 
commercial principles of manufacturing is, 
that, with a given selling price for the 
article produced, a certain output must be 
reached and exceeded, before expenses 
are covered in the particular manufactory 
and the making of profit begins ; and, that 
having passed that point in output, the 
proportion of profit increases rapidly as 
the output is enlarged. 

The scheme of remuneration will un- 
doubtedly militate towards increasing or 
retarding the production and, therefore, 
will have a very considerable effect upon 
the business. 

The chief systems that have obtained 
up to within recent years, have been either 
day work with payment by the hour, or 
piecework. If payment is by the hour, 
the workman has little inducement to 
press his machine to produce the maximum 
output, and the extent of his efforts is 
generally limited to the amount he con- 
siders will satisfy his employer, and a 
satisfactory output is usually only obtained 
by “ horsing ” on the part of the staff. 

There are but two ways of getting an 
individual to exert his maximum effort ; 


* This interesting paper, which was recently read before 
the Manchester Association of Engineers, has, on account 
of its importance and by reason of the fact that the pro- 
ceedings of this society are not accessible to the majority of 
the readers of FEILDEN’s MAGaAzINE, been reprinted here. 





and, secondly, by 

While many are 
tempted to adopt the driving principle it 
cannot be considered satisfactory to any- 
one concerned, certainly not to the person 


firstly, by driving, 
offering inducement. 


driven. It is possible only to drive down 
stipulated roads, and the driven are not 
likely to use their brains in seeking for 
short cuts. On the contrary, create a 
sufficient inducement, and the individual 
will use his wits in devising means to 
reach the objective by easier ways and in 
shorter time. 

In the case of remuneration by the 
hour, there is but little in the nature of 
inducement beyond the retention of the 
situation. ‘The only real inducement is 
the somewhat uncertain one of a possible 
increase in the rate of remuneration, and 
this, normally, is very remote when a man 
is already receiving what is known as /u// 
rate, 

In the case of piece work, an induce- 
ment is created of a somewhat doubtful 
character, for the man is aware that if he 
exerts himself to the extent of obtaining 
more than the limited increase upon his 
normal wage, the piecework price will be 
reduced. ‘The real tendency of piecework, 
unless administered by a very competent 
staff, is, then, rather the reverse of what 
was intended, for the worker will be care- 
ful that he does not earn more than, say, 
time-and-a-quarter. Thus it is possible 
that instead of being a reasonable induce- 
ment to the worker, it may in effect have 
a decidedly retarding influence. It might 
be argued in favour of piecework that if 
prices are correctly set, such retardation 
is impossible. Such an argument is ob- 
viously based upon the assumption that 
finality has been reached in the matter of 
speed of production, or an acceptance of 
the unsatisfactory principle of piece-cutting. 
Another serious aspect of piecework is 
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that it is based upon a system of bargain- 
ing, for it presupposes that a price per 
piece is agreed upon between the worker 
and theemployer, by whichthe former agrees 
to do the work at acertain price. Sucha 
species of bargaining places the employer 
and the worker at two opposite extremes, 
and this naturally leads to a species of 
antagonism that engenders the reverse of 
friendly feeling. The effort of the em- 
ployer to get his work done cheaply, 
and so to place himself in a better com- 
mercial position, is thus likely to cause 
estrangement between his workers and 
himself. It is a matter of history that 
many strikes have resulted from the 
estrangement originating in differences 
as to the fixing of piecework prices. The 
chief failing point in piecework may be 
said to rest in the fact that an alteration 
in the price in favour of either of the 
contracting parties is bound to be to the 
detriment of the other, which means a 
clashing of the interests of the employer 
and workers. 

It will no doubt be accepted without 
controversy that providing a system of 
remuneration is found that establishes a 
community of interests between the em- 
ployer and his workers, whereby it is to 
the interests of both to increase the output 
of the establishment, there will be harmony 
of feeling and a much greater probability 
of attaining the desired results. 

Provided that the worker finds it is to 
his personal interest to get the maximum 
amount of work from his machine, no 
doubt he will take steps to get it; and if 
he finds another able to obtain better 
results than he in a different way, he may 
be trusted to adopt the other’s methods. 
If he finds that by thought and scheming 
on his own part, he can do better for 
himself, he again may be trusted to look 
after the matter. 

Various methods have been tried. for 
giving the worker this personal interest, 
such as profit sharing, preferential piece- 
work, and more recently the premium 
system of remuneration. 

As to profit sharing, when applied to 
the ordinary worker, it may be said to 
have generally failed; for the advantage 
to be gained seems to him somewhat 
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problematical and remote, as his best 
efforts may be nullified by. the fault or 
mismanagement of others. 

Differential piecework is a partial solu- 
tion of the problem, of which the possi- 
bilities are, in the author’s opinion, too 
narrow, and, while an improvement upon 
piecework, it suffers from some of its 
faults. 

The premium system is of more recent 
development ; and, when worked in a 
proper manner, undoubtedly creates that 
inducement to call forth the best efforts 
of the worker. This system may be said 
to be a method of remuneration which 
places a premium upon effort and intelli- 
gence: the greater the effort and the 
higher the intelligence displayed by the 
worker, the more becomes his personal 
return. It may further be said to be a 
method of remuneration which ensures to 
the employer a reduction in prime cost, 
of increasing magnitude as the worker’s 
return becomes greater; thus unity of 
interest is created. 

The premium system, as it is now 
understood, was introduced by Mr. F. A. 
Halsey, at the works of the Canadian 
Rand Drill Company of Sherbrooke, in 
1890. His scheme was to take the time 
that a job had previously taken by day- 
work, and offer a premium at the rate of 
one-third a man’s wage per hour for each 
and every hour that he saved. Thus the 
man was paid for his time at time rate, 
and was given, as an inducement to 
shorten the time of doing the work, a 
premium equal to one-third of the time 
saved at his own rate. In establishments 
where work is continually repeating, and 
where cost keeping has been sufficiently 
detailed to form exact records of times 
spent by daywork upon the various jobs, 
this general scheme upon a daywork base 
may be employed, providing that the 
hourly bonus is not too high. It has been 
found by experience that the time taken 
to do certain work by the hour may be 
reduced to an unexpected extent when an 
inducement is given the worker ; conse- 
quently, if the hourly bonus is too liberal, 
the employer, when he finds how little 
time is really necessary to do the job, will 
be strongly tempted to reduce the allowed 
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time. ‘This temptation, however, must be 
resisted, as the fact of cutting would de- 
stroy the harmony existing between him- 
self and his workers, and thereafter he 
would fail to get their best efforts from 
them. 

The more usual plan followed is for the 
worker to be paid his hourly wage, and to 
work against a time set by the manage- 
ment, called a standard time. If the 
worker completes the work 
within the standard time, 
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effort for the lower savings that are 
effected, and less in proportion as the 
saving becomes greater. 

By the Rowan method the worker 
receives the greater proportional reward . 
when the time is reduced to 75 percent. 
of the standard. 

In the Halsey method the return of the 
worker is somewhat less for the lower pro- 
portion of saved time and greater for the 





he is paid a premium equal 
to some proportion of the 
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difference between the time 
taken and the standard time. 
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There is no recognised pro- 
portion that constitutes the 
premium, any more than 
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there’ is any recognised 
standard time, apart from 
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that in each individual 
establishment. 





‘lhe original idea of 
premium working may now 





be found in several different 
forms, although the under- 
lying principle is the same. 








Probably the most import- 
ant diversion from the 


4 





<s ~ \ 





original Halsey scheme, is 
that introduced by Mr. 
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James Rowan, of Glasgow, 
the chief point of variation 
































lying in the method of 6 L 
dividing the difference be- 
tween the standard and the 
actual time. Whereas in 
the original Halsey scheme 
the difference was divided 
in a pre-arranged propor- 
tion, in the Rowan applica- 
tion the premium consists of a percentage 
calculated upon the actual time, in the 
proportion that the saved time is a per- 
centage of the standard or allowed time. 
Thus if the worker completes his job in 
20 per cent. less than the standard time, 
he is paid his hourly wage for the actual 
period, plus a premium of 20 per cent. of 
the same. The practical difference between 
the two methods is, that the premium 
reward to the worker upon the Rowan 
system is greater in proportion to his 
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DIAGRAM I.--COMPARING HALSEY 50 PER CENT, AND ROWAN PREMIUM SYSTEM. 


Curve (4) Cost per piece 


Curve (c) Cost per piece (Rowan); Curve (7) Premium 





per piece (Halsey) 50%; Curve (e) Premium per piece (Rowan): Curve (/) 
Premium per cent. (Halsey) 50% ; 


Curve (g) Premium per cent. (Rowan). 


higher proportion. The comparison of 
the two methods is more clearly shown 
by the aid of a diagram. See Diagram I. 

In this diagram several curves are plotted 
that bring into comparison the Halsey 50 
per cent. premium system and the Rowan 
system. For convenience of comparison 


‘it is assumed that the daywork or standard 


time is too hours, and the curves are 
plotted on the assumption that there is 
a steady reduction by the worker of the 
actual time taken to do the job from 
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100 hours to nothing, in order to make 
the diagram complete. The upper pair 
of curves starting from 100 indicate the 
actual cost of the article as the time 
is reduced. Both methods show a steady 
reduction of cost, and it will be observed 
that the Halsey system gives the lower 
cost until such time as the worker has 
reduced the actual time to one-half. For 
time savings in excess of 50 per cent. the 
Rowan system shows a lower wages cost. 

Turning now to the worker’s side of the 
question. Starting from zero, the two 
lower curves show the actual premium, 
expressed in hours, that is paid to the 
worker for his efforts in reducing the time 
on the job. The lines representing the 
two systems will be seen to cross at the 
middle, the first half indicating that the 
Rowan system gives the larger premium 
to the worker, whereas the Halsey system 
gives the greater premium in the higher 
savings of time. The author is inclined 
to think that the worker would favour the 
Rowan system as giving him the greater 
return for the least effort, although the 
inducement cannot be said to be great 
after the 50 per cent. is reached. 

The worker would probably look askance 
at the fact that if he saved over 50 per 
cent. of the time, his actual balance on 
the job decreases, although the _per- 
centage to his working time steadily 
rises. The Halsey method, on the 
contrary, offers great inducement to the 
worker to aim for the higher time 
savings, as offering him return commen- 
surate with the higher tension of his effort. 
The two curves springing from zero and 
mounting to the higher parts of the 
diagram, represent the percentage of the 
premium to the actual time. The rapid 
rise of the Halsey percentage over the 
5° per cent. point is a matter for observa- 
tion, and in the opinion of some, this 
constitutes a danger to the success of the 
system. 

Considering the points in common 
between the two systems, perhaps the 
most important, and one upon which full 
stress should be placed, is the idea of 
taking a standard time for a given job, 
that shall be unalterable so long as the 
same method of machining and quality of 
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machine tool are used. The success of 
the whole system depends upon the 
continued adherence of the parties con- 
cerned to this principle, as forming the 
basis of mutual confidence. There is no 
necessity, neither inducement, to a reason- 
able employer to desire or to try to cut 
down the standard time when once it is 
fixed, even though the worker should 
obtain premium running into high percent- 
age, when in spite of that fact the prime 
cost of his article is less. ‘This is one of the 
important differences between premium 
and piecework, for with the latter, what- 
ever balance the worker makes, the wage 
cost to the employer remains the same 
until such time as he cuts the price. 
What matters it if, under premium, the 
worker makes high wages? The concern 
of the employer or manager is to make 
profit, not what it is necessary to pay away 
in order to make that profit. 

The next point is, that in spite of the 
fact that the system may be based upon a 
standard rate of wage, it opens the door 
for individual merit in the worker to find 
recognition and reward. 

A further feature which has grown up 
around the premium system, is the 
principle that the worker is guaranteed 
his hourly wage without reduction, what- 
ever the time in which the job is 
completed, and that there is no debt. It 
is a common experience in piecework 
that, when a worker from any cause, gets 
into debt and sees no prospect of obtaining 
extra remuneration on other usually 
paying jobs, he loses heart and allows 
other work to slip into debt likewise, 
until there is no chance of clearing 
himself by other balances. He then 
either leaves his situation to start free 
of encumbrance elsewhere, or the debt 
has to be forgiven. With premium there 


. is no debt, each job, which may consist of 


one or more articles, stands alone in its 
reckoning ; and, although in a previous 
job he may have been unfortunate and 
have run behind, he starts clear with 
renewed opportunities and fresh induce- 
ments to put forth his efforts. 

In the case of piecework, it may be 
necessary to give various prices for the 
same job to differently rated men : not so, 























however, with premium, as time counts 
the same whatever the rate, with special 
exceptions. 

In establishments where overtime or 
night shift may be worked, piecework 
contracts occasion much discontent ; for 
the price is usually kept the same although 
the rate of pay becomes time-and-a-quarter 
or time-and-a-half. Inthe case of premium 
one hour counts one hour, whether by day 
or by night. The reasoning associated 
with this principle is, that the overtime is 
worked by the employer’s desire and 
especially for his benefit, and that, there- 
fore, such extra cost as it entails should 
be met by him. 

Queries may be advanced as to how the 
premium system may be successfully 
worked in such comparative instances 
as where :— 

A. One man works one machine. 

B. One man works two machines. 

C. One man works three machines. 

D. An apprentice boy works one 

machine. 

E. An improver works one machine. 

F, One man and one boy work two 
machines. 

The author has met these several cases 
in what proves to be a satisfactory way, 
basing his reasoning upon the ideas that 
it is desirable—firstly, that from the em- 
ployer’s point of view one man should 
work several machines ; secondly, that 
from the worker’s point of view, if he 
operates several machines, he shall have 
a sufficiently increased return as an 
inducement ; and thirdly, that a boy, in- 
experienced in the use of a machine, re- 
quires more time to get through a given 
piece of work. Considering— 

A. That one man working one ma- 
chine is allowed an amount of 
time equal to unity ... ee 

B. The time allowed for work o 
each of two machines shall be 
two-thirds that allowed in case 
A, giving a tofal for the two 
machines of ... ai . If 

NoTE.—Where an operator works 
several machines his time is evenly 
divided when booking to the work 
on each machine. The extra one- 


third time allows a margin for the 
slight loss of time on each machine 
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by divided attention, and leaves a 
margin for extra premium. 

C. The time allowance for each 

machine is, in this case, one- 
half that of case A, giving a 
total for the three machines of 13 
D. Instead of changing the time 
allowance for an apprentice 
the case is met by charging 
to the job one-half of the time 
taken (half-time charged) ... 1 
E. For an improver who is earning 
less than a sovereign a week 
the time allowance remains 
constant, but the time taken 
is charged as three - fourths 
(three-quarter time charged) .. 1 
F. To meet this case the time is ini- 
tially taken for each machine, 
as in case A, and three-fourths 
of that is allowed, making a 
total for the two machines of. 14 
NoTe.—As an inducement to a man 
to partner with a boy in this manner, 
the boy charges his time at one-half, 
the same as an apprentice working 
one machine; and to obtain a suitable 
division of time, both the man and 
the boy book a half of their chargeable 
times to each machine. 

In the average establishment certain 
degrees of accuracy must be obtained 
for the work to be satisfactory, and it is 
necessary to have some form of inspection 
to decide when a sufficiently high standard 
has been reached. The standard required 
should be made as clear and distinct as 
possible, and there should be but little 
opportunity for the exercise of personal 
opinion as to whether the work is or is 
not passable. To establish a deciding 
line it is generally advisable to have some 
form of limit-gauge system of measure- 
ment, with the clear understanding that if 
the job fails to come within the limitations 
it may be scrapped, and upon scrap no 
premium is paid. This understanding 
may be supplemented by an arrangement 
to the effect, that, although a job is out- 
side the allowed limitations, it may, by 
the expenditure of further time and money 
in other processes by way of correction, 
be made good enough ; one-half premium 
only will be paid, the remaining half going 
towards the cost of making the job usable. 
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In the event of material proving faulty 
to the extent of making the job of no 
value for its object, it constitutes a loss to 
the employer to the extent of the hours 
spent upon it, and the worker receives no 
premium. This remark does not apply to 
any completed machining operations prior 
to the one during which the fault declared 
itself. This is a perfectly fair arrangement, 
for the operation would cease at the 
discovery of the fault, so would never be 
completed. 

When an employer is considering the 
advisability of introducing the premium 
system into his establishment, he would 
naturally formulate queries as to what it 
entailed in the way of administration, 
and what might be the best methods 
of procedure. The author would here 
venture a word of warning. Do not 
touch the premium system unless fully 
convinced as to its advisability and adapt- 
ability to the case, and then only with a 
firm determination to carry it right 
through. 

The initial work is both arduous and 
costly as compared with some other 
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working condition, and the work of 
organisation must be thoroughly tackled. 
The whole work should be under the 
direction of a competent man, and there 
should be no attempt to half doit. To 
put the work of time-setting upon the 
frequently over-burdened shoulders of 
foremen would be fatal to its success, as 
any hurried estimating of times is certain 
to cause dissatisfaction to either the 
worker or the employer. The fact that 
the times when set are to be standard, 
means that the machining operations 
must be carefully considered, and times 
assessed for every operation that constitutes 
the whole work upon the job. 

Full records of the detailed time-setting 
should be preserved for reference, as 
should also the times required to do the 
work, as this becomes valuable information 
for future guidance. This, in an estab- 
lishment of moderate dimensions, means 
an amount of work which will call for a 
staff of trained men constituting a time- 
setting and recording department. 

The time-setting sheet used by the firm 
with which the author is connected, is 














systems. It also takes time to get into shown in Appendix A., with illustrations 
Appendix A. 
SPECIMEN TIME SETTING SHEET. 
Machine No. 1. Sheet, No. 859. 
Job—Distance, Piece. 
Catalogue No. 250. Drawing No. 4,154. Date 19/11/02. 
Boring. 
Process. Tool. Feed. Speed. Cut. Finish. Time. Remarks. 
1 Roughing 2 cuts ... wae 16 B2 No. 6 156 
2 Finishing I cut... nal 12 B2 No. I 52 
3 Face-up ae Hand ie 15 
4 Chamfer 2 places ... 30 
5 Bore for plate, 2 cuts es 20 
6 do. finish No. 3 10 
7 Recess for plate eos 4° 
8 Handling ... 150 
473 min. 
net=8hrs say 
Add allowance for balance .............cccce.. secssoscsseees 
Finishes. r 
No. 1. Best, accurate to ‘OOT in............. i gl oe 
No. 2. Good, accurate to ‘002 in. 
No. 3. Medium, accurate to ‘005 in. 
No. 4. High Polish. 
No 5. Left board cut or water. 
No. 6. Rough Machine. 
No. 7. Left ‘oroin. full for grinding. 
No. 8. Left for forcing fit. 
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of its use on two typical jobs. Examination 
of these will show that the work of time- 
setting is done in a methodical way, with 
due consideration of the feeds and speeds 
of the machine that are possible as 
applied to the particular job. 

It is found by experience that by ob- 
serving the time spent in various ways 
upon particular pieces of work, that of the 
total time required to do the work, a 
certain proportion is, of necessity, spent 
upon the work that may be broadly classed 
as handling, and that the remainder of 
the time is spent in actual cutting opera- 
tions. The handling time would consist 
of preparing the machine, lifting in the 
work, setting tools and grinding same, 
gauging, etc., and that with different kinds 
of jobs, this handling time may be of 
differing percentages of the total cutting 
times, varying between wide limits. 

When such observations are made and 
recorded it very much simplifies the work 
of time-setting, for it then becomes merely 
necessary to work out the surfaces to be 
tooled, and the time required to machine 
them with given cuts, feeds, and speeds. 
Of the net tooling time so obtained, the 
handling percentage is taken and added 
thereto, producing a total which indicates 
the net time in which the job can be done. 
Upon this time, a further addition should 
be made in order to give the worker an 
opportunity of making a suitable premium. 
When considering this added time, in 
general, it is not advisable to cut things 
too fine. It rather pays to err on the side 
of generosity than to be niggardly in this 
matter, as it is generally found that with 
finely cut time, the actual time spent 
upon the job by the worker is greater 
than if more liberal time is set. This no 
doubt is due to the moral effect produced. 
Thus the author would repeat, that con- 
sidering all things, it pays to be somewhat 
liberal in time-setting rather than the 
reverse. 

As an aid to time-setting, the author 
would indicate a few ways of easing 
labour. As frequent reference has to be 
made to the feeds and speeds of machines, 
a carefully compiled series of tables should 
be prepared of every machine tool, with 
its capacity, feeds and speeds, together 
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with any remarks as to its tool equipment, 
faults, etc. (See Appendix B.) 

When a series of similar jobs of varying 
sizes have to be machined, it is convenient 


‘to take some proportionate dimension, 


and plot along the abscissz of a diagram 
and the allowed times as ordinates, pro- 
ducing a curve of times for a given 
machine, taking the extreme and several 
intermediate sizes. From such a diagram 
other times may be read as required. 

For instance, for plain turned jobs of 
varying lengths and diameters, a multiple 
of the diameters into lengths may be set 
off along the horizontal of a diagram, 
with allowed times as ordinates, as in 
Diagram 4. Such diagrams may be ex- 
tended very considerably, as in Diagrams 2 
and 3, which the author has prepared for 
time-setting on turret lathes dealing with 
bar work, and in Diagram 5. It is possible 
with such diagrams to allow for the various 
failings or facilities for production of the 
different machine tools available fur the 
class of work by adding other lines of 
proportionate values. This is clearly illus- 
trated in Diagram 4 and Diagram 5. 

Another little convenience is Barth’s 
time-setting card. If this is modified to 
suit individual machines by adding an 
extra circle and pointer with lines indica- 
ting cone steps, it is possible to drop im- 
mediately upon the cone steps required to 
give the nearest cutting speed to that best 
suiting the job, together with the time 
required for machining. 

No doubt readers will readily think of 
other labour-saving methods of simplifying 
the work of time setting. 

For filing the standard times and 
records, probably a suitable card system 
has advantages over books. Both the 
front and reverse of a card, arranged by 
the author for this purpose, are illustrated 
in Appendix C. This card, together with 
the others illustrated, is used in the estab- 
lishment where the author has introduced 
the premium system. 

As the whole matter is based upon 
time, some suitable means of checking 
the starting and finishing times must be 
employed to ensure correct bookings. 
This may be done upon a job card or 
progress ticket, such as is illustrated in 


D 
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Appendix A. 
SPECIMEN TIME-SETTING SHEET. 


Machine No. 104. Sheet No. 1,134. 
Job No. 12.—Crankshaft. 
Catalogue No. 041. Drawing No. 5,560. Date 23/12/02. 


Turning (previously roughed on body). 





Process. Tool. Feed. Speed. Cut. Finish. Time. Remarks. 








1 Centring and setting-up ron 4'0 
2 Turning ends for throws sai 8 A2 2'0 
3 Lifting out & setting-up throws 2°45 
4 Balancing, etc. sa na bia ene a 3°15 
5 Roughing h.p. pins and webs 8&16 B&A2 ¥% nee 5°30 
6 Finishing do. Sai 8 & 16 D2 ats No. I 30 
7 Radiusing do. ay Hand B2 sie cee et 
8 Filing out oval and lapping ... oi en No. I 5'0 
9 Change centres tol.p. pin. ... hea ee ih 2'0 
10 Roughing 1.p. pins and webs... 8&16 B&A2 5°30 
11 Finishing do. 8 & 16 D2 <a 370 
12 Radiusing a oe va Hand B2 sna | “6 I°I5 
13 Filing out oval and lapping ... oa aa | No I 5'0 
14 Changing centres to Lp. 2 , oe nc | 2°0 
15 Roughing 1.t. pins and webs... 8&16 B&A2 } 5°30 
16 Finishing do. és 8 & 16 D2 a, 30 
7 Radiusing do. a Hand B2 NS) Qe I‘I5 
18 Filing out oval and lapping ... ese | No.1 5'0 
19 Changing centres to webs h.p. aie eee | 2°0 
20 Roughing h.p. webs ... 8 A2 aM, wae ie) 
21 Finishing hes aes 8 D2 << | BAS 1‘O 
22 Repeat 19, 20, 21, twice — ve om an 8'o 
23 Change centres to body ~ nae 5'0 
24 Turning body rough 8 A2 5°30 
25 Rough webs outside ... 16 A2 és 4°0 
26 Reducing radii Hand Az2 ot 2°0 
27 Finish body eee oe 8 Cs | No. 1 9'0 
28 do. webs outside ... as 16 D2 No. 5 6°0 
29 do. 8 radii... ex wi Hand c's we 2°40 
30 File and lap body ine és | No! 9°30 
31 Change for end ... “ae pon sa oo | («es "45 
32 Rough do. A2 ae ee 2°0 
33 Finish do. Az2 a ee 1‘O 
34 Lap do. al ais No. I 1°30 
35 Add for grinding, gauging, 
craning, etc. ae ad se jae oe 13°30 
145°40 


Net time. 


BOE MNOWEMCE. 6 0.cccccrssrcscecsccscsscrsescescsssssoccssseesess 
If loose steel centres required, add for boring-up, etc., I1‘o. 





Finishes. 
No. 1. Best, accurate to ‘OOI in..........+.. Y> -, re 
No. 2. Good, accurate to ‘002 in. 
No. 3. Medium, accurate to ‘005 in. 
No. 4. High Polish. 
No. 5. Left broad cut or water. 
No. 6. Rough Machine. 
No. 7. Left ‘o1oin. full for grinding. 
No. 8. Left for forcing fit. 
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Appendix D. This ticket is 
issued to the workers by a 
ticket clerk who fills in the 
necessary information respect- 
ing the job, together with the 
man’s name, number, and the 
machine number, and he also 
punches the ticket in the 
square corresponding to the 
starting time, differently shaped 
punches indicating am. or 
p.m. At the completion of 
the job the ticket is again 
punched in the portion of the 
ticket on the reverse marked 
finishing time. This enables 
the time spent on the job to 
be calculated. In the event 
of a job being suspended 
from any cause, a note to that 
effect is made upon the ticket, 
and the time of resumption is 
also stated. 

The advantages of the pre- 
mium system of remuneration 
have only been partially stated 
when the bald system has been 
explained, for its effect in 
various other directions is 
decidedly pronounced. From 
a managing point of view, it 
is of great assistance in watch- 
ing expenditure, and also in 
observing the capabilities and 
smartness of the workers, for, 
by the tabulation of results, 
attention is spontaneously 
called to those jobs that have 
taken excessive time. 

A full use of the time- 
setting department is also of 
advantage in estimating the 
expenditure that is likely to be 
incurred on a given machine, 
and if the whole work of time 
setting is done from drawings 
in advance, it would give an 
opportunity to alter designs to 
cheapen cost, if necessary. 
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DATA. 


MACHINE TOOL 


OF 


CIMEN SCHEDULE 


“ 
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The full commercial advantage to 
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rf 
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Sheet No. 


BorRING MILLs. 


VERTICAL 


9e 


reaped by the aid of the premium system 
can only be realised by glancing at other 
results. Take, for instance, the prime 
cost of a given article. This does not 
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merely include the workers’ wage, but 
other items which may possibly represent 
much more to the firm, for instance, the 
actual hourly cost of a machine. The 
very fact of having a machine within a 
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workshop means expense, 
and each hour a job is 
upon a machine, costs 
an amount equal to the 
workers’ wage, plus what 
may be called the machine 
cost. This machine cost 
would comprise the in- 
terest on capital it repre- 
sents, its depreciation, 
the power to drive it, its 
share of the interest on 
building proportionate to 
floor space, building de- 
preciation shop lighting 
and cleaning, and, say, 
works’ management, these 
items comprising a por- 
tion of what is frequently 
lumped under the heading 
of “oncost.” ‘This charge, 
that can be put against 
the machine, will vary 
according to its initial 
cost and the room it 
occupies in the shop, and 
it may range from a few 
pence per hour for a 
small cheap machine, to 
several shillings per hour 
in the case of more im- 
portant machines. Thus 
the effect of a reduced 
time by premium may 
cause direct saving of 
machine cost, and it will 
also make it possible to 
get more work from the 
machine, thereby obviat- 
ing costly overtime or 
increasing the annual 
turnover. 

A further item that is 
here suggested is, that 
with a given establish- 
ment and tool equipment, 
it becomes possible to get 
an increased output, and 
so perhaps converting a 
hazardous concern into 
a successful one. 

There is still another 
matter to be observed by 
expediting the progress of 














work through the shops, contracts may be 
filled more quickly, capital is locked up a 
shorter time in progress work, and items 
pass into the day-book at an earlier date. 
With an effort to show what it means 
commercially, the author has prepared a 
series of diagrams showing the effect upon 
“‘oncost” under certain assumed average 
savings of time, and also the probable 
effect upon the profit and loss account. 
Investigating the effect upon “ oncost ” 
and profit making, it becomes necessary 
to deal with assumed proportions of figures. 
For the sake of following some consistent 
form of reasoning, and while indicating 
generally the probable effects, the actual 
results will entirely depend upon the par- 
ticular business to which the system might 
be applied. That his 
reasoning may be 
readily followed, the 
author has indicated 
upon Diagram 6 what 
he has assumed as 
composing that some- 
what broad term “on- 
cost,” and that the 
information may be 
of some value, he has 
set it out in the form 
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bably it would be wisdom to allow an in- 
creased rate of depreciation to compensate 
for extra wear and tear upon machines. 

The next item is works’ management. 
This is assumed to increase by 10 per cent., 
to allow for the cost of time-setting 
department. 

Commercial management is considered 
as likely to increase to the extent of 
10 per cent. 

The demand for fuel would not be 
directly proportionate to the output, and 
is placed at a 60-per-cent. increase. 

Assuming that selling expenses would 
increase, allowance is made in the section 
of “oncost” placed under the general 
heading of trade expenses, to the extent 
of one-third, 


Appendix C. 


FILING CARD FOR TIMES AND RESULTS. 


PREMIUM TIME CARD. 


100, 103, and 105 Catalogue Number. 
12 Engine Size. 


Drawing No. 5631. 








of percentages. Start- 
ing with an assumed 
normal output with a 
given plant prior to 
the introduction of 
premium system, and 
supposing that the 
effect of premium is 
to increase output, 
the diagram has been 
plotted to an ultimate 
increase of output of 
100 per cent. 

The first item con- 
sidered as contribut- 
ing to “oncost” is 
depreciation. This 
is usually placed at a 
certain percentage of 
the plant capital ; 
therefore its line of 
representation will be 
horizontal, showing 
no increase. Pro- 


Description of Work Set of 3 cylinders. 
Operation Planing. 

On Machine Number 147. 

Time allowed per piece 207 hours per set. 





ditto for preparing Machine included. 
| 

Progress __.:. | Per cent. Time tak’n Progress antity, | Per cent. |Time tak’n 

ticket No.| 22""Y- |) Premium. per piece. | ticket No. Quantity. | bremium. | per piece. 
| 

9315 set 18°7 1503 

13773 do. 32°7 125 

1513! do. 351 121 

























Feilden’s Magazine. 


Appendix D. 


Progress Ticket as issued to a Workman. 


FRONT: 
Progress Ticket No. 17861. 
Machine No. 203. Order No. 11037. Drawing No. 3549. 
Day Man’s No. 511. Name G. Brown. Rate of Wages 
Night Man’s No. _____ Name Rate of Wages 
Work 6 connecting rods. Size 3. 


Process Slotting Complete. 
Date given out 28/3/03. 





Date Finished a Day Wages 
Hours allowed 60 Night Wages 
Hours Taken Total Wages Cost 


Machine Cost 
Total Cost 
Marker Off. Checker Posted by — 


All entries on this Card to 


Browett, Lindley & Co., 1899, Ld. Starting Time: io sande tee Cine 


| {s| |x| la] {2} fal 13} © | fal fat fal [s] fa} fe 
imitate tok! \—|—|——|-|—-|— 
6 } 7 5 8 } 4 Io} |4 II j I2 


REVERSE: 





Daily Time Spent on Job. 


To be entered from O Time Sheets by Clerk. 


Day Man. Night Man. 


Date No.; Hours! Date | No.! Hours|} Date |No.| Hours, Date No.! Hours 
| 


























Nore :—Starting and finishing times punched in the squares provided to the 





nearest quarter of an hour, the shape of Punch indicating a.m. or p.m. 
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Appendix E. 


COMPARISON OF PIECE-WORK AND PREMIUM CosTs. 





Premium 














— Premium —- sar Premium —— se Premium —_—- ae Premium ren 
Price. ost. | Paid % | Price. | POS | Paid% Price. ost. "Paid% | Price. | © | Paid 2 
Each Each Each Each Each Each Each Each 
19/- 10/2 | 20°99 | 25/- | 16/2 | 29°3 4/11 4/4 —19°8 4/6 3/9 | 352 
7/4 3/10 20°9 2/- -/9 |) 5/- 3/3 25°0 | 25/ 17/- | 33°0 
8/6 4/9 29°0 1/8 1/- |713°4 7/8 5/6 23'2 1/1 /8 30°1 
1/2 -| 27°2 3/- 1/3 \ 1/5 1/ 16°1 25/- | 16/8 25°6 
—/10 —/34 15/9 13/1 23°8 3/- 1/3 28°5 1/4 1/- 20°4 
6 /5 22'1 8 7/7 18°I 3/11 3/5 24°2 ={5 /4 | 
-/6 —/6 23 20, 15/10 21°6 4/- 3/- 6°8 -/8 -/6 | >26°0 
8 —/44 2/11 1/9 18°8 4/- 3/7 12°4 -/8 /6% | 
/8 -/6 20°0 25 17/3 17°9 7/8 5/3 26/- 16/6 31°! 
32/- 13/7 180 25, 18 16°5 -/8 -/6 14°2 -/10 17 315 
24/- 16/4 14°0 26/— 25/7 30°7 6/4 3/10 } 19°1 -/4 “13 31°5 
25/- 16/9 14°0 12 8/9 20°3 4/8 4/ \ 14/- 6/10 | } se 
13/ 7/7 28°3 16 13/8 22°8 45/ 33/10 21°6 2/- 1/8 
7/6 4/1t| 23°5 11/6 10/7 23'1 1/1 -/9h 281 5/6 3/- 340 
4/9 3/6 230 12 8/9 19'0 -/10 -/8 \ 2 1/6 33°2 
32/- 16/- 9°7 13/- 10/9 25'8 -/2 -/14 -39°0 26/- 22/9 25°0 
1/6 1/2 | 43°7 4/10 2/9 i 45.8 -/3 nS 3/- 9 | 30°! 
1/5 /11 26°4 4/- 3/11 | J 25/- 17/9 30°4 4/3 3/7 20°0 
1/3 1/14 | 24°0 





General shop labour would no doubt 
increase, by the extra amount of work to 
handle. This increase, however, will not 
be in direct proportion to output, as many 
types of labour, such as crane drivers, 


sweepers, etc., would remain normal. 
Thus, here the increase is placed at 
one-third. 


The last item under the head of manu- 
facturing charges would comprise many 
odd items, and it is difficult to say 
whether the increase would be propor- 
tionate. Probably it would not, yet for 
the sake of broadening the estimate, these 
charges are considered at double their 
normal. 

Summing these up to a total, when the 
turnover is doubled, the probable increase 
of total “oncost” becomes 134 per cent. 
of the original, and for the sake of follow- 
ing the line of argument, it is assumed to 
have a proportional increase for lesser 
additions to turnover. As indicative of 


the comparison between “oncost” and 
output, an extra line is introduced into 
the diagram to show the “oncost” per- 
centage decreasing in relation to sales as 
the turnover rises. 


It will be observed to 


drop 35 per cent. within the range included 
in the diagram. 

In order to judge the probable effect 
upon profits, Diagram 7 has been prepared. 
Referring to Diagram 1, the total wage, in- 
cluding premium, if the whole plant is 
occupied, may be observed to rise as the 
manufacturing time is reduced per article, 
but to a lesser extent than the enlarge- 
ment of output. This increase in the 
Rowan system is represented by a dia- 
gonal springing from zero. When the time 
upon the article is reduced to 50 per cent., 
the premium by both systems mounts to 
50° per cent., and the output with the same 
producing plant, working full time, would 
be doubled. 

In Diagram 7, the cost of produc- 
tion in wages plus premium is set out as 
with normal output, and as increased by 
the aid of the premium system. The 
productive wages are considered as nor- 
mally amounting to 25 percent. of the 
turnover. The material is assumed to be 
30 per cent. of the turnover, and to in- 
crease in direct proportion. The “oncost” 
is considered to normally constitute 30 
per cent. of the turnover, or 120 per cent. 














Work. A set of three cylinders for a triple-expansion engine. 
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cent. increase, which 
































Process. Planing. is not by any means 

Machine. No. 147. Machine cost per hour 3/. difficult to obtain, so 

far as works’ output 

Time Time Hours % Total Wages Total ; Total 1S concerned, will re- 

Allowed Taken | Premium Balance and Balance | Machine Cost Cost present a reasonable 

——} an re ere eR Fee UPS ry profit, with something 
Ist 207. 150} 284 18°7 i 18 24 | 2213 0} 211 24 to carry over. 

To further illustrate 
2nd 207 | 125 41 32715 9 74| 18 15 O| 24 4 74 this point, a small 
3rd 207 | 121 422 | 351315 8 5 | 18 3 of a3mt 5§ Diagram 8 is set out. 

It may be argued 
; : : . be. that these various 
Increase in man’s balance Ist time from 18°7% to 32°7%=14°0% di d fi 
‘a 2nd a 18° Ti to 35 5°17 =16 4% lagrams and hgures 
Saving i in wages cost Ist time - - = 797 have been prepared, 
a 2nd time =12°5% starting with the 
Total saving in cost to firm we one 4 rn 74. = 15°07 simple assumption 
- ‘i er ee ee ik that the introduction 
of the premium 
Work. Bedplate. Process. Planing. system is bound to 
Machine. No. 147. Machine cost per hour 3/- be accompanied by 
a reduction in the 
Time Time Hours % Wages cost, Total Total producing time and 
Allowed Taken | Premium Balance hm Balance Machine Cost Cost the payment of sub- 
ene: ma jn Led kad £5 @  Stantial premiums to 
Ist 91 504 158 265 29 8 818 6 Id 2 the workers. In re- 
sponse, it is merely 
asi | & 18h | 4 270 | 520 | 9% necessary to quote 
3rd 91 53 i9 358 276 719 0 106 6 from experience. 

The author has 

Increase in man’s balance Ist time from 26°5 Ma to 34°2 4=7°7 % found that reductions 

ie 2nd 26" 5) ; to 35° 8% =9 3% in time and _ cost 

Saving in wages cost Ist time . -=6°0% have been more than 

ee and ,, =7'1 7 expected, for it is by 

Saving ' in cost to firm Ber - =8'1 vs no means uncommon 
” ” and ,, =9°5 % 


of the productive wage. This latter per- 
centage will, of course, vary with different 
establishments. The balance constituting 
profit is then placed at 15 per cent. 

Allowing the various increases as dis- 
cussed, and plotting the lines accordingly, 
enables us to see that the proportion of 
profit rises very rapidly as the turnover 
is increased by the aid of the premium 
system, and in spite of the high balances 
that become payable to the workers. 

It will be observed that in the case of 
an establishment that nominally fails to 
make profit, although paying its way, an 
increase of production of 1o per cent. 
represents a profit sufficient to pay a divi- 
dend of 4 or 5 per cent. ; whereas a 20-per 





to find work costing 
as much as 30 per 
cent. less when worked by premium than 
it had hitherto cost by piecework. 

As indicative of what can be done, the 
above instances are quoted. 

These items were selected as being 
worked upon a planing machine where 
the cutting speed cannot be varied as 
in a lathe, and reduction in time can 
only be effected by increasing the cuts 
and in the handling. 

Another planing job on an old machine 
progressed as follows :— 


Under Piecework Cost 25/- 


Balance 25 per cent. 
Ist time under Premium 


System 17/9 x to 
2nd ” ” 17/2 ” 33°3 ay 
3rd ” ” 16/8 ” 45 ” 
4th "9 9 16/2 ” 52 9 
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DIAGRAM 3.—TURNING BOLTS FROM HEXAGONAL BAR, “‘ HERBERT” OR “J. L.” LATHE. 








Lvbt 






Scale of Diameter x Length of Liner 


DIAGRAM 4 ILLUSTRATES HOW PREMIUM SYSTEM ACCENTUATES DEFECTIVE PLANT TURNING VALVE LINERS. 









The Premium System of Remunerating Labour. 





TURNING CRANK-SHAFTS, 


5-~ 


THROW IN INCHES. 


DIAGRAM 
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As comparing the results of piece-work 
and the premium system as affecting 
costs, the author has prepared a sheet 
of results, showing at the same time the 
percentage premium paid to the worker 
{see Appendix E.). These jobs were 
done as nearly as could be ascertained 
on the same machine. 

With a view of ascertaining whether 
the men are losers by the change, the 
author has summed the whole of the 
work done by premium at the works of 
the firm named, and finds that the 
average percentage of balance paid from 
the start is 20 per cent., while for seven- 
teen consecutive weeks it has averaged 
25°5 per cent. 

The success of any scheme of re- 
muneration or working depends largely 
upon those who administer it, and because 
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it is successful in one place is no proof 
that it will be so at another. Even as 
in the case of piece work, while it may 
produce satisfaction to both workers and 
employers at one place, it may, if not 
administered equitably and fairly, fail to 
come up to expectation at another. 
Honourable fulfilment of all agreements, 
especially regarding the standardised times, 
should be the keynote of its administration. 

In conclusion, the author would respect- 
fully submit to his fellow-members for 
their consideration, the thought that one 
of the most important principles of manage- 
ment is to create unity of interests between 
those whose help is needed, even in the 
most menial capacity, and the employer ; 
and that this can best be done by institut- 
ing such a method of remuneration as is 
provided in the premium system. 











Nile Irrigation Works._.._ 


By W. NOBLE TWELVETREES, M.I.Mech.E. 


(Continued from page 312.) 


Bo & @ 


II._Upper Egypt. (Continued. ) 


MMEDIATELY after the signature of the 
contract for the Nile Reservoir Works, 
in February, 1898, the contractors, 
Messrs. John Aird & Co., entered into 

possession of the site, and by the end 
of the year some thousands of native 
labourers and hundreds of Italian granite 
masons were at work. The actual perma- 
nent work done during the year 1898 was 
28,532 cub. yds. of excavation on the east 
end of the dam and in the navigation 
channel. In 1899 excavation was com- 
pleted for a length of 809 yds., and was in 
progress over a further length of 756 yds. 
The total quantity of work finished during 
the year was 133,616 cub. yds. of excava- 
tion, and 99,604 cub. yds. of masonry. 

During the early part of the year it was 

decided to make preparations for building 
the foundations of the dam across the 
Cataract channels, and many plans were dis- 
cussed by the Government engineers and 
the engineers representing the contractors, 
with the result that it was decided (1) to 
form temporary rubble dams, on the down- 
stream side of the site, across the channels 
known as the Bab-el-Kebir, Bab-el-Haroun, 
and Bab-el-Soghaiyar, so as to minimise 
the force of the water, and thus to provide 
a comparatively quiet pool of water for 
the conduct of operations upstream ; (2) 
during the following season to build sand- 
bag dams, or “sadds,” on the upstream 
and downstream sides of the site; and 
(3) to pump the bed of the river dry 
between the temporary dams. Those who 
know the Nile will readily realise that it 
might well seem to be an almost impos- 
sible task to construct temporary dams in 
the raging channels of the Cataract, to say 
nothing of laying masonry foundations to 
a depth of 40 ft. below the bed of the 
river. 





For the formation of the temporary 
stone dams, granite rocks, varying in 
weight from one ton to four tons, were 
dropped one by one into the channels by 
the aid of cranes, but many of the largest 
stones were carried away by the force of 
the waters. In some cases several stones 
were tied together by wire netting and 
tipped in bodily ; but whenever the mass 
moved after reaching the bottom the nets 
were cut and the stones escaped. The 
two channels first mentioned were closed 
without exceptional difficulty, but the 
3ab-el-Soghaiyar gave a good deal of 
trouble. Therefore the expedient was 
adopted of tipping in railway trucks, full 
of large stones, and bound round with 
wire ropes. Each truck with its load 
weighed about 25 tons, and acted as a toe 
against which large stones were afterwards 
successfully lodged, and at last the perse- 
verance of the engineers was rewarded by 
the sight of the long-hoped-for dam above 
the surface of the waters. The three 
temporary dams were finished in July, 
1899, to a level about 5 métres below 
high Nile, and the flood subsequently 
passed over them without causing any 
injury. These dams were about 23 ft. 
wide on top, with slopes of 1 to 1, and the 
greatest depth was about 50 ft. 

In the month of November the water 
level fell sufficiently to permit the com- 
mencement of the sandbag sadds, and the 
three channels mentioned were completely 
closed by the end of 1899. The chief 
measurements of the sadds were :—width 
on top, 16°4 ft.; greatest depth, 56 ft.; the 
slopes were at first 14 to 1, but as sand and 
small pieces of stone had to be placed on 
the upstream side to staunch the sadds, 
the ultimate slope-became 2to 1. As 
the river was unuSually low in the year of 
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FIG. 27.—ASWAN DAM: ERECTION OF CAST-IRON SLUICE LININGS. 


(From a Photograph taken June 19, 1901.) 


which we are now writing, it was decided 
that the sadds should be continued across 
the central channel, and this operation 
was successfully completed by the middle 
of February, 1900, when the whole flow of 
the river was confined to the west channel. 
The effect was particularly satisfactory, as 
a considerable area was left dry, and the 
unwatering of the remainder proved to be 
a much easier task than had been antici- 
pated. A large number of 12-in. centrifugal 
pumps was held in readiness so that ample 
power might be available in case the sadds 
failed to hold up; but fortunately the 
amount of leakage was very slight. 

The Bab-el-Kebir was pumped dry by 
the aid of six 12-in. pumps in a single 
day, after which one pump working about 
quarter time sufficed to keep all leakage 
down. One 6-in. pump served to dry 
the Bab-el-Haroun, and two pumps of 
the same size performed the same service 
for the Bab-el-Soghaiyar. Excavation was 


therefore commenced in these channels 





by the end of January. On Feb. 28th, 
pumping was started in the central channel, 
the water being rapidly removed by one 
r2-in. pump, and all after leakage was 
kept down by one 8-in. pump. Taking 
full advantage of the abnormally low levels 
of the river in the year 1900, the con- 
tractors made enormous progress both on 
the line of the dam and in the navigation 
channel and locks, so that by the end of 
the season the foundations of the dam 
were built in all the channels of the river, 
with the exception of the large western 
channel; and out of a total length of 
2,185 yds. the foundation masonry was 
laid for 1,990 yards. Unexpected difficulty 
was experienced in the deep channels, 
owing to the unsound character of the 
rock. In one channel the rotten rock 
extended 38 ft. below the level at which 
it had been assumed sound rock would 
be found. It has been pointed out on 
more than one occasion by Sir William 
Willcocks that the alignment chosen by 
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him for the dam, followed the line of 
soundest rock at the Aswan Cataract, and 
that the straight-line dam, insisted upon 
by the International Commission, was a 
mistake. He has also stated that the 
Commission overruled his objection that 
it was risky to expect sound rock on one 
long straight line in a material like granite, 
and that the decision of the Commission 
was confirmed by the Under-Secretary of 
State. 

In this connection it ought to be ob- 
served that Sir Benjamin Baker admits 
that, after the alteration of alignment, 
neither time nor money were available for 
the clearly desirable preliminary of sinking 
shafts in the bed of the river to ascertain 
the real character of the rock. The for- 
mation proved to be particularly faulty in 
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the Bab-el-Kebir and the Bab-el-Soghai- 
yar, and sound material was not reached 
until about the middle of May, 1900. 
In the central channel unsound rock was 
found in many places, so that masonry 
could not be laid before the first week of 
May; but matters were more satisfactory 
on Mohammed Ali Island. As non-com- 
pletion of the foundation masonry on the 
unwatered area during that season would 
have necessitated the rebuilding of the 
sadds in the following year, great efforts 
were made to complete the programme 
mapped out. During the month of June 
work was carried on during weekdays and 
Sundays, and was continued through the 
night by the aid of electric lamps. Masons ° 
to the number of 353 were kept hard at 
work, and the total number of men em- 


o-metres 5 
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28.—SECTION OF ASWAN DAM. 
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THE ASWAN DAM: THE COMPLETED WORK, 


29. 


FIG. 








Vol. 8.—No 47 











ployed fell little short of 15,000. At the 
end of June night work was discontinued, 
for by that time it was evident that the 
required work could be finished in good 
time. On July 11th the sadd in the 
central channel was cut to relieve pressure 
on the other sadds, and at the end of the 
month these also were cut to permit the 
river to flow between the sluice piers. 
Work was afterwards continued until the 
rising flood reached the top of the masonry. 
On the subsidence of the flood masonry 
work was resumed, and preparations were 
made for closing the west channel, the 
only portion of the site where foundations 
remained to be made. During the year 
1900 no less than 278,468 cub. yds. of ex- 
cavation and 219,473 cub yds. of masonry 
were executed. 

By the end of February, 1901, all the 
sadds for closing the west channel were 
finished, and on the 21st of the same 
month the bed of the channel was pumped 
dry. As in the other deep channels on 
the line of the dam, the rock was found to 
be considerably decomposed, and excava 
tion had to be carried down to an average 
depth of about 19 ft. before solid rock was 
reached, while in the centre of the channel 
excavation had to be carried to a depth of 
some 25 -ft. for a length of more than 
250 ft. Masonry was begun on April 17th, 
and by May 18th the bottom was com- 
pletely covered. Work was discontinued 
about the middle of July, when the sadds 
were cut. In the middle of April a sadd 
was commenced across half the central 
channel, in order that masonry might be 
proceeded with that had only been built 
up to R.L. 91 during the previous season. 
Masonry was commenced in this part on 
May 7th, and on the remainder of the 
dam similar work was pushed forward, the 
whole being raised above flood level before 
the end of the season. Therefore, the 
only portion of the work submerged 
during high Nile was in the central and 
western channels, where the masonry was 
purposely kept at R.L. 96, with the object 
of affording escape for water in the event 
of an exceptionally high flood, and of 
preventing inundation of the railways and 
buildings required for the work remaining 
to be done. Before the flood the whole 
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of the foundations in the navigation locks 
were built, and the side walls were so far 
advanced that work could be continued 
during the flood. 

In order to improve the river for navi- 
gation a channel, nearly 22 yds. wide, was 
cut through the narrow rapids north and 
south of the dam, these works involving 
the excavation of some 33,000 cub. yds. 
of rock. It appeared, however, that the 
velocity of the northern rapid would 
still render navigation difficult at times, 
and it was consequently determined tu 
construct an auxiliary lock, which has 
since been completed. In order to 
give a free waterway to the sluices, a, 
trench, 15 ft. wide, has been excavated 
along the dam on the upstream side, 
wherever the rock was found to be higher 
than the sills of the sluices, and on the 
downstream side excavation has Leen 
made, wherever necessary, for directing 
water from the sluices into the natural 
channels of the river. ‘The amount of ex- 
cavation necessitated by these auxiliary 
works was 80,000 cub. yds. At the end 
of 1901 only about 86,000 cub. yds. of 
masonry remained to be executed, and 
the ironwork in the capable hands of the 
sub-contractors, Messrs. Ransomes & 
Rapier, was in an equally satisfactory 
state. Fig. 27 is a photographic view 
showing the erection of the cast-iron sluice 
linings, which, together with other iron- 
work, were constructed and erected by 
this firm. 

All the masonry was finally completed 
in June, 1902, twelve months before the 
appointed time, and the ironwork was 
finished in the autumn of the same year. 
The actual quantity of excavation was 
824,000 cub. yds., and of masonry, 704,000 
cub. yds. The weight of masonry is 
149°5 lbs. per cub. ft. 

When the reservoir is full the head of 
water on the dam is about 65 ft., exerting 
a pressure of 4 tons per sq. ft. upon the 
masonry. ‘The resulting stresses are con- 
siderably lower than in any of the great 
dams hitherto built, and it will therefore 
be seen that, thanks to the severe con- 
ditions demanded by the International 
Commission, no difficulty of a_ struc- 
tural nature will stand in the way 
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when the time comes for extending 
the Aswan dam to its full height. Fig. 
28 is a section of the dam, showing the 
pressures at different points and under 
different conditions, and in Fig 29 is 
reproduced a recent photograph, which 
gives an excellent representation of the 
completed work viewed from one end. 

At this point it will be appropriate to 
mention the services rendered by the 
engineering staff engaged upon the work. 

In his last report, the Under-Secretary 
of State says that Mr. A. L. Webb, C.M.G., 
Director-General of Reservoirs, controlled 
the entire operations in a most able 
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manner, and he also recognises the valu- 
able services rendered by Mr. FitzMaurice, 
C.M.G., late Resident Engineer at Aswan, 
and now Engineer to the London County 
Council, and by Mr. Charles R. May, who 
has now been appointed Resident En- 
gineer. The engineers representing the 
contractors, Mr. John Blue, of Messrs. 
Aird & Co., and Mr. Tabor, of Messrs. 
Ransomes & Rapier, also receive compli- 
mentary notice, while of Sir Benjamin 
Baker it is said that Egypt owes hima 
considerable debt for the exceptional 
services he has rendered as consulting 
engineer. 


Having now dealt with the structural features of the Aswan dam, Mr. Twelvetrees will, in a 


supplementary article, make a brief inquiry as to the influence which it may bs expected to 


exercise upon the conditions of water supply in Egypt. 
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A New Electric 





Signalling System._._. 
® ® $ 


OME weeks ago we were invited, 
by arrangement with Mr. Sam Fay, 
the general manager of the Great 
Central Railway, to attend an 

exhibition of a new system of electric 
signalling, given at the entrance to the 
Woodhead Tunnel, Derbyshire. 

The method, known as the Miller 
Signalling System, has been successfully 
tried on the Chicago and Eastern Illinois 
Railway, on a stretch of about 37 miles, 
and is there used as a complete and 
independent block system, adapted how- 
ever to certain particular requirements 
of the case. It has more recently been 
adopted in the Park Avenue Tunnel, 
through which the New York Central 
and Hudson River Railway enters New 
York City. In this case, a most elaborate 
and complex system of signals had been 
installed on the electrically - controlled 
manual plan, and the new signals have 
been added to the existing arrangement 
without in any manner affecting the 
working. 

The system, as arranged on the section 
of the Great Central Railway above- 
mentioned has also been modified to suit 
the local conditions, which are somewhat 
peculiar. 

The Woodhead Tunnel is one of the 
longest in the kingdom, being 3 mls. 
17 yds. in length, the distance between 
the two block cabins at either end being 
very considerable, and, in consequence, 
some time is generally lost, especially on the 
up journey. Several schemes have already 
been tried at this point, and a cabin situated 
half-way in the tunnel was at one time 
used during certain periods of the day. 
The installation at the time of our visit 
was, however, confined only to the length 
adjoining the western end of the tunnel, 
but providing that the working proves to 
be satisfactory it will, we understand, be 
extended to include the tunnel proper, a 


length particularly adapted for the opera 
tion of such a system. 

The demonstration on the preliminary 
length can only be described as an un- 
qualified success, the working of the appa- 
ratus on the track, and on the experimental 
coach and locomotive, taking place without 
a hitch. 

By the Miller system, the indications 
are given to the engine-driver not by 
means of semaphores placed beside the 
track, but by lamps carried in the cab 
of the locomotive. Two small incan- 
descent lamps, one white and the other 
red, are mounted side by side in the 
cab, and only one of them can glow at a 
time, the lighting up being actuated auto- 
matically by means of an electric-track 
circuit. When the train enters a block, 
one of the lamps lights up, and remains so 
until the beginning of the next block is 
reached ; and if the line is clear for two 
blocks ahead, then the white lamp lights 
up when the train reaches a block point. 
If, however, either of the two blocks is 
occupied the red lamp lights up. 

The working of the apparatus for effect- 
ing this can best be understood by referring 
to Fig. 1, which shows the general type 
form arrangement of instruments and 
circuits. 

A and # are two consecutive block 
stations, the instruments in both being 
precisely similar. A magnet d has its coil 
connected across the rails at the rear end 
of the block, and when that block is clear 
the current from the track circuit energises 
the magnet. The magnet has two arma- 
ture contacts: one of these, 4 communi- 
cates with the preceding block station 
through the line wire and rail, by way of 
m,h, and ~; the other contact, e, com- 
municates with the succeeding block 
station, by way of line wire and rail, 
through the coils of a second magnet, g. 
This latter has an armature 4, which acts 
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as a reversing switch for battery 7, and 
connects this battery with the points 
and m of the rail, on opposite sides of 
an insulated joint. When armature 4 is 
attracted, as it is represented in Fig. 1, 
then the current from 7 tends to flow in 
the rail from point m to point 7; when % 
is dropped the current tends to flow from 
point 7 to point m. 

The operation of the relay instrument 
and its circuits may now be readily followed 
out. When the track ABP is clear, then 
magnet dis energised by track battery ¢, 
and attracts its armature. Similarly, when 
block AC is clear, magnet @’ at ZB attracts 
its armature. There is then an electric 
circuit as shown from battery 7’ at B, 
through 4’ and wire m’, through lever / 
back to instrument A, energising magnet g, 
and back through rail 42. Armature 4 
is then attracted, and a difference of poten- 
tial is set up from point m to point x. 
When either 48 or BC is occupied, then 
the circuit through the coils of gis broken 
at e or at /’ respectively, and armature 4 
drops, so that battery 7 tends to send its 
current from 2 to m through the rail. 
This pressure between # and m is utilised 
by the locomotive equipment to give a 
signal in the engine-cab when the engine 
crosses the joint between # and m. 

The engine equipment may have several 
different forms, one of which is shown 
above the track in Fig. 1. One axle each 
of engine and tender, £ and 4, are insulated 
from each other, and are connected through 
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the coils of two magnets, and g. The 
armature which plays between the poles 
of these magnets is adapted to make con- 
tact at s or 4, completing the circuit of a 
battery # through the white lamp or the 
red lamp respectively. When the engine 
crosses the insulating joint above referred 
to, the pressure between » and mm causes 
a current to flow through the coils of 
magnets / and g, and the direction of the 
current determines whether the armature 
is attracted up or down, to light the white 
or the red lamp. When the current flows 
from & to Z, then the armature is attracted 
downward, lighting the red lamp and indi- 
cating that either block 4Z or block BC 
is occupied. When both blocks are clear 
the battery 7 sends current from m to x 
or by way of axle 7 to 4, so that the arma- 
ture is attracted upward and the white 
lamp lights up. 

It will be noticed that a small battery, 
rv, is arranged on the engine for a local 
circuit through the coil of magnet g in 
such a way that no polarised armature is 
required, while at the same time the 
battery 7 acts to hold the armature in 
place, either up or down, while passing 
through the block. When an insulated 
joint is reached, the circuit of » through 
magnet f, by way of the rail back to /, is 
broken, and magnet ¢ being still energised, 
the armature drops and lights the red 
lamp. Thus the engine always gets a red 
signal the moment it passes an insulating 
joint, unless at the same moment the 
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“clear” impulse from the track relay 
operates to keep the white lamp alight. 
In order to avoid this action while 
crossing the insulating rail-joint at the 
rear end of block AA, this joint in the 
two rails is staggered longitudinally a 
distance of half a rail length, or at least a 
distance greater than the interval between 
axles & and 7 As shown in Fig. 1, the 
stagger is less than this, the engine 
equipment being shown to exaggerated 
scale for the sake of clearness ; properly, 
axles & and 7/7 should be shown a less 
distance apart than the stagger of the 
insulating rail-joints. 

On the Chicago and Eastern Illinois 
Railway, the system is modified to the 
extent that no wires are used for connect- 
ing the different block points. The entire 
signalling information as to the condition 
of the two blocks ahead is conveyed by 
means of the track circuit alone, the 
track equipment consisting only of a single 
relay instrument, with a battery of cells at 
each block station, connected to the track 
rails. The Park Avenue tunnel instal- 
lation, however, requires the use of line 
wires. 

The details of the exper:mental instal- 
lations at Woodhead, on the Great 
Central Railway, are clearly shown in 
Figs. 2 and 2a (Fig. 2A being a continua- 
tion of Fig. 2), from which it will be seen that 
the type system has again been varic d. 

A, Ai, Az, A3 are track-cir uit signal 
controlling relays, the coils of which are 
wound to 4 ohms resistance. 

B, Bt, B2, B3 are signal-giving gravity 
batteries, the two poles going to the main 
track rail; between them is placed an 
insulated track joint, and a similar joint 
is placed in the other track rail imme- 
diately opposite. 

C, C1, C2 are auxiliary relays, controlled 
by batteries d, d1, and d2, the purpose of 
which is to protect the short rail sections 
necessary at each signal point. 

D, //t, and D2 are pole-changing instru- 
ments, the coils of which are wound to 
4 ohms resistance, and are energised by 
the signal batteries B, Bi, B2, B3. 

EZ, £, Ei, and £1 are called switch 
instruments, which are attached to switch 
rods, and are simple circuit - opening 








devices, the purpose of which is to open 
the track circuit controlling instruments 
A, whenever it is necessary to so place 
the switch points that a car or engine 
would foul the main line. 

F is a similar instrument to Z, but in 
this case is attached to the tunnel starting- 
signal rod. 

a, Al, a2, a3 are armatures to relays A, 
and are controlled by the track current 
that energises those instruments. 

a’, at, a2 a’3, are also armatures 
attached to relays A, but the polarity of 
these is governed by separate batteries. 

6, 61, 62, 63 are gravity batteries con- 
trolling the polarity of armatures ¢, c1, 
68, 43 

ad, dt, and d2 are track circuit gravity 
batteries, each composed of two cells 
in parallel, and are used to energise 
relays A. 

d, di, @2, seen between the tracks 
are gravity ceils used to control auxiliary 
instruments, C, thereby protecting the 
short rail sections at signal points. 

The east-bound track is the only one 
equipped. The distance from the first 
signal point on the left, to the second 
point, is 2,100 ft., the second 1,700 ft., 
the third 1,300 ft. 

The operation of the track circuits is as 
follows (the direction of the trains being 
from left to right) : 

A train on the first section would cut 
off the current from track relay 4, both 
of whose armatures would fall back by 
gravity (being counter-weighted). 

The current from battery 2 would now 
go to the main track reversed from its 
original direction; thus when met by a 
following engine equipped with the engine 
instrument, it would set that instrument 
to the “stop” position. 

The first train passing on to the second 
section would cut off the current from 
track relay A1, at the second signalling 
point. The armatures of Ar would fall 
back, thus opening the circuit-controlling 
auxiliary instrument C, which in turn 
opens the circuit of pole changing instru- 
ment D. ‘This reverses the track current 
on the first section, which now energises 
track relay A, bringing forward armature 
a, but not armature a’, thus retaining the 
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signal battery B in a position to give a 
“stop” signal. 

The reason why armature a is attracted 
by this reversed current, and armature a’ is 
not so attracted, is because in energising 
the coils of relay A the current is passing 
in the reverse direction, and the pole-pieces 
opposite to armature a’ are now of the 
same polarity as the pole-pieces of arma- 
ture a’, and repel instead of attracting. 

The first train passing into Section 3 
would cause similar actions on relay A, 
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It will be seen that the track circuit of 
Section 2 passes through switch instru- 
ments £ and £, on both east and west- 
bound tracks, also that the track circuit 
of Section 3 passes through switch instru- 
ments £1 and £1 of both tracks, so 
should either of these switch points be 
placed in a position to ailow a train to 
enter the east-bound track, the two 
signalling points in the rear would be 
set in position to give a “stop” signal. 

It will also be noticed that the battery- 





FIG. 3. THE ENTRANCE TO WOODHEAD TUNNEL, GREAT CENTRAL RAILWAY. 


but in closing the points connected with 
armature a1 of that instrument the circuit- 
controlling auxiliary instrument C_ is 
closed, which in turn closes the circuit- 
controlling pole-changing instrument JD. 
This in closing again reverses the battery 
on the track section in the rear, but this 
time in the proper direction, and in con- 
sequence both armatures of relay 4 are 
attracted, and the signal battery is placed 
in position to give a clear signal, two 
sections ahead being now clear, and so on 
throughout the sections equipped. 


controlling relay 43 is connected to the 
fixed signal at the entrance of the tunnel, 
which, should it be on, would set the 
two signals in the rear to the “stop” 
indication. 

Should it be deemed desirable at any 
time to connect up the line through the 
tunnel this circuit would be dropped 
down to the rails, thus giving the same 
indication. 

As now set up, the starting signal at 
the tunnel only governs the track for 
1,300 ft. ; if desired, a slight change could 
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be made which would enable it to govern 
the track for 3,000 ft. 

If signal battery B1, B2, or B3 fail, the 
pole-changing cdils will be de-energised, 
thereby setting the next signalling point 
in the rear to “danger”; obviously, should 
any other battery fail, the same condition 
would prevail. 

In addition to placing the signal on the 
locomotive as herein explained, one could 
provide at signal points, if desired, an 
outside signal of such construction that, 
should two sections ahead be clear, that 
indication would be given; if the second 
section ahead were occupied, a caution 
signal would be displayed; if the first 
section ahead were occupied, a “stop” 
signal would be displayed. In case this 
outside signal is not desired, the customary 
fixed signals can be used to govern the 
movements of trains. In case the fixed 
signals are used to indicate a point at 
which the train must stop, then a careless 
clearing of a signal by a signalman would 
be checked by a danger signal on the 
locomotive, for the reason that the pre- 
sence of a train on the track circuit would 
still be indicated two stations in the rear, 
no matter what the position of the fixed 
signal ; at the same time, if the signalman 
found it necessary to stop an approaching 
train, he could give the stop indication on 
the locomotive by leaving his signals at 
danger. 

During foggy weather the presence of 
fogmen would not be necessary, as the stop 
signai could be much more effectively 
given electrically, than by depending on 
the accuracy of cheap labour and a multi- 
tude of men, any one of whom might, by 
a moment of carelessness, cause a serious: 
accident. 

The insulated joints in the rails of the 
Woodhead equipment were made in the 
following way: A channel iron formed a 
sole-plate under the ends of the rails. 
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Inside this was a layer of strong fibre 
insulation. This was protected mechanic- 
ally from abrasion by two short iron plates, 
one under each rail end. In the sleeve 
so formed the ends of the running rail 
rested with a layer of insulation between 
them. The usual iron fish-plates were re- 
placed by wooden blocks, which were 
bolted up by six bolts, three through each 
rail. The holes in the rail were bushed, 
so that the bolts should not make con- 
nection from the one rail to the other 
through the iron back plates, which 
strengthened these hardwood blocks. At 
points the insulation between the two 
moving tongues is obtained by an in- 
sulating coupling in the tie-rod. On the 
engine itself, instead of insulating two 
axles as mentioned above, the tender was 
insulated from the engine, so that when 
passing over an insulating joint the current 
from the engine to the tender, or wice versd, 
should operate the lamp relays. The 
energy for lighting the signal lamps on 
the engine and also those which were 
placed in the saloon of the experimental 
train was obtained from a small dynamo, 
which was driven bya }-h.p. steam turbine 
on the engine. 

Fig. 3 gives a view of Woodhead Station 
and the tunnel entrance. The groups 
on the platform and at the tunnel face 
are those of railway officials and repre- 
sentatives of the leading technical jour- 
nals and newspapers who attended the 
demonstration. 

Judging by the tests witnessed at Wood- 
head, there would appear to be no doubt 
as to the suitability of the system for 
certain situations, particularly in_ hilly 
country and where curves are numerous, 
permitting the ordinary semaphor signals 
to be seen only with difficulty. As the 
system can be worked in conjunction with 
the existing signals, it should prove a very 
valuable adjunct in foggy weather. 
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UR readers may probably remem- 
ber that, owing to the liberality 
of Mr. A. Mosely, an opportunity 
was afforded last autumn for a 

number of officials representing various 
trades’ unions to proceed upon a tour of 
investigation in the United States. The 
party, including Mr. Mosely and twenty- 
three delegates, constituted what is gener- 
ally described as the ‘* Mosely Industrial 
Commission,” the object of the originator 
being that British workmen should be 
placed in a position to see, through their 
own representatives, the developments 
taking place in various departments of 
industry in the United States. Each 
of the delegates has written an inde- 
pendent report upon the things he was 
privileged to see during the course of 
his three months’ visit to America, and 
the reports have now been issued in 
pamphlet form, with a preface by Mr. 
Mosely. Only four or five of the trades 
represented come directly within the 
scope of this magazine, and in the 
present article we have selected for special 
reference the report by Mr. George N. 
Barnes, Secretary of the Amalgamated 
Society of Engineers. A few words will 
suffice for the preface written by Mr. 
Mosely. In the first place, we feel it 
to be both a duty and a pleasure to 
acknowledge the patriotic and generous 
feelings which induced that gentleman to 
organise the Commission; and, in the next, 
we are bound to say that many of his 
remarks sound very much like an echo of 
the pessimistic wailings often emitted by 
some irresponsible journalists, who are 
totally ignorant of the engineering in- 
dustry. For instance, the writer starts 
off with the amazing statement that the 
“true-born American” is in every way a 
better man than his “British brother.” 
Then follows the suggestion that one 
reason why the American workman is 
better than the Britisher is that he has 
received a sounder and better education, 


whereby he has been more thoroughly 
fitted for the struggles of after life. We 
do not for a moment wish to undervalue 
education, which must always have an 
important influence upon the continued 
growth of national prosperity and progress, 
but other statements in the preface and 
the report tend to prove that the influence 
of education must necessarily be smaller 
in American than in British engineering 
shops. Mr. Mosely emphasises the- 
up-to-date methods and equipment of 
American workshops. An essential feature 
of such establishments is the use of 
self-acting—and almost self-thinking— 
tools to such an extent and in such a 
way that the great majority of the men 
employed have nothing left but a weari- 
some, uninteresting task, for which neither 
education nor brains are wanted. What 
Mr. Barnes has to say upon this point 
is emphatic and noteworthy. Speaking 
of the American workman, he says: “He 
is confined to a ceaseless repetition of 
small operations, which leave no room for 
initiative or individuality ; in short, he is 
in a deep and narrow groove, in which he 
cannot go wrong, and, so far as I had 
the opportunity of forming a judgment, 
he is just the timid invertebrate that might 
be expected as the outcome of such con- 
ditions.” On the other hand, with British 
“old-fashioned” methods, often depre- 
cated, practically all the men must be 
skilled and must use both education and 
brains throughout the whole day’s work. 
This aspect of the education question 
appears to have escaped Mr. Mosely. 
Neither general nor technical education 
can materially assist a man in minding an 
automatic machine tool, which is fairly 
well able to look after itself. But, quite 
apart from all such considerations. we 
are not by any means convinced that 
superiority is a natural attribute of the 
“‘true-born American.” Neither are we 
satisfied that British manufacturers are in 
the parlous state suggested by Mr. Mosely. 























The Mosely Commission. 


The conditions in this country and in the 
United States are by no means the same, 
and what suits one country will not 
necessarily suit the other. In the present 
day we are in a stage of transition. 
Consequently, manufacturers are adapting 
themselves to altered and altering circum- 
stances. That they have not made any 
panic-stricken attempt to adopt wholesale 
everything that is found, or thought, best 
by Americans is only another proof of 
their sanity, and should justify confidence 
in their business ability and judgment. 
Some methods followed and some 
machinery used in the United States 
have already found favour in Great 
Britain, not because they are of American 
origin, but because, in themselves, they 
are suitable for adoption. In a similar 
way, our American friends have always 
made and continue to make use of ideas 
and practice originating in this country. 
Here and there, Mr. Mosely’s laudatory 
ode on American excellence is uaa 
by lucid intervals, in which some sound 
views are expressed with regard to the 
advantages workmen may derive from 
improved machinery, and to the desir- 
ability of drawing capital and labour 
closer together by ties of common 
interest. Taking it as a whole, the 
preface says too much, and does not 
say it particularly well. We therefore 
turn without regret and with some hope- 
ful anticipation to the report made by 
Mr. Barnes. ‘That gentleman is one of a 
comparatively new class, whose profes- 
sional status is popularly believed to 
imply a rooted objection to progress in 
the form of improved tools and methods 
of manufacture, except such as may be 
expected to increase wages while at the 
same time reducing hours of work and 
minimising output. Whether such a belief 
be correct or not, we need not stop to 
inquire, for the impressions made upon a 
labour leader by American engineering 
institutions are sufficient to engage interest 
in themselves. The main portion of the 
report is of descriptive character, and in it 
Mr. Barnes gives a series of notes upon 
the various places he visited, both in 
Canada and the United States. His 
descriptions do not add much to general 
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knowledge, as records of very similar 
character are the result of almost every 


- visit to America, and a good many other 


people have written accounts of the same 
kind within recent years. What we are 
more particularly concerned with is to 
find what impressions were produced, and 
whether they are likely to be of service in 
leading British workmen in the right 
direction. From some remarks near the 
end of the report, we are glad to learn 
that Mr. Barnes is not inclined to take a 
pessimistic view of the British engineering 
industry. He very properly comes to the 
conclusion that the increase of American 
exports is merely one result of an increased 
world’s demand, which has gone more 
largely to countries still in the first flush 
and bound of industrial expansion, than 
to established countries like our own. 
From the point of view of quality, he is 
convinced that British goods have nothing 
to fear, provided designers are encouraged. 
What this qualification may be meant to 
imply is a little uncertain. Mr. Barnes 
seems to entertain a pious hope that 
American workmen will some day begin 
to find out that they work too many 
hours a day to enable them to enjoy 
“the pleasures and amenities of life, 
and to attend to communal needs, in 
regard to which they are far behind us.” 
Although the laudable zeal of a trades- 
union official is here evidenced, the fact is 
that the social condition of the American 
workman does not strike Mr. Barnes as 
being so enviable as some people wish us 
to believe. It is highly encouraging to 
find Mr. Barnes expressing the belief that 
American practice may be copied with 
advantage as regards the encouragement 
of inventiveness, and in the full utilisa- 
tion of machinery. To the enlightened 
mechanic of the future, it will seem 
almost incredible that his predecessors 
could ever have entertained a conscien- 
tious objection to labour-saving machines 
and tools. By his recent renunciation of 
so ancient a fallacy, Mr. Barnes has taken 
an important step in the right direction. 
As a sort of appendix to the report, 
answers are given to a series of forty- 
one questions submitted to the delegates. 
Space will not permit reference to 











532 


more than a few of the most im- 
portant of these. Upon the question 
of piece-work, Mr. Barnes thinks that 
American employers do not cut down 
prices so much as is practised here, 
because there is more general recogni- 
tion of the value of increased output. 
Premium and bonus systems, he says, are 
in the experimental stage in the United 
States as well as here, and in his opinion 
they have worked fairly well both for 
employer and employed. Mr. Barnes’ 
views as to the general characteristics of 
the American workman, and the social 
conditions attending his working and 
domestic life, may be thus summarised : 
He welcomes labour-saving machines and 
up-to-date appliances, he places no restric- 
tion upon the number of machines that 
may be tended by one man, he is more 
readily rewarded by increased wages for 
personal energy and initiation. So far as 
mechanics are concerned, it is said that 
the “American workman” is to a very 
large extent the “ English workman.” His 
needs in matters of workshop sanitation, 
ventilation, and comfort generally are no 
better provided for in America than in 
this country. He eats too much, but is 
abstemious in theconsumption of spirituous 
liquors ; he is clothed no better than the 
British workman, he saves money, usually 
owns the house he lives in, and lives a 
comparatively short life. Finally, with 
the exception of money and continuation 
schools for his children, the general con- 
ditions of the workman in America are 
thought by Mr. Barnes to be in every 
respect worse than in Great Britain. Of 
course these views are merely the result 
of a few weeks’ visit to a very large country, 
and must be taken with some reservation ; 
but that the picture is correct in many 
respects there need be no reasonable 
doubt. The American workman does not 
live the gilded life so frequently depicted 
by those who are anxious to prove that 
everything is badly ordered in Great 
Britain. In some respects American work- 
shops are said to be better equipped than 
the British, the difference being chiefly 
that a greater variety of special tools is 
provided for special work. The fact is, 


that owing to the immense demand for 
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certain productions and to the system of 
splitting up trades among various specialists, 
the American engineer is able very fre- 
quently to manufacture things in very large 
quantities, and so can afford to lay down 
special plant. The same practice pre- 
vails here, though not to the same extent, 
partly because it would not always suit the 
conditions of trade and partly because we 
still await standardisation on an universal 
scale. Mr. Barnes says that American 
factories certainly do not turn out better 
work than our own; and he adds that the 
material is softer and less durable than 
that used in Great Britain. In order to 
have proof on the latter point he procured 
a sample of metal from the American shop 
of a firm of engineers having workshops 
in this country, and he had it tested, 
together with a sample from the British 
shops of the same firm, both being from 
the class of metal used for identical pur- 
poses in each country. ‘This test is some- 
what favourable to America, inasmuch as 
the firm in question is one of the best in 
that country. Nevertheless the report, 
which was made by Messrs. Stanger & 
Blount, of Westminster, shows the British 
steel to possess higher tensile strength. 
It was also shown on analysis to have 
more combined carbon and less silicon, 
and is therefore harder than the American 
sample of steel. 

Finally, we will refer to the question as 
to whether there are any points in Ameri- 
can practice that ought to be initiated in 
British engineering works. In reply, Mr. 
Barnes suggests (a) a freer use of machinery 
and latest appliances, (b) a more ready 
recognition and liberal reward on the part 
of employers of ability or initiative of the 
workman, by bonuses or otherwise, (c) the 
standardisation of work where possible, 
(d) the re-modelling of the Patent Law 
and Patent Office, (e) the provision of 
secondary or continuation schools. Patent 
Laws and secondary education are clearly 
important matters which indirectly affect 
workshop practice, but they form no part 
of it, while standardisation is practically 
a national matter that cannot be effected 
by any individual firm. Omitting these, 
we are left with only two suggestions for 
future guidance—(1) that more machinery 
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should be employed, and (2) that men 
should be paid according to merit. These 
two principles are precisely what British 
manufacturers have been fighting tooth- 
and-nail with the trades’ unions for genera- 
tions past. Up to the present the unions 
have refused to admit the morality of 
either doctrine. Like other labour leaders, 
Mr. Barnes comes back from America with 
an experience which is the antithesis of 
that attributed to Cesar. He has been 
to America, he has seen, and is conquered. 
He comes back with a message to the 
workers of this country to abandon un- 
reasoning prejudice against progress, and 
to work like men—intelligent men—for 
their own good, and the good of the 
country. The wisdom of this advice is 
so self-evident, that ordinary people may 
well wonder why it could not have been 
recognised by Mr. Barnes without the aid 
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of a prolonged visit to the United States. 
But it must be remembered that British 
workmen have spent fifty years amid 
the various developments of mechanical 
science without being enlightened on the 
same subjeet. The advantages to be 
derived from foreign travel are admittedly 
great, but we are inclined to believe that 
Mr. Barnes, an intelligent and educated 
man, knew very well many things about 
the advantages of machinery and personal 
effort that were not supposed to be known 
by the Secretary of the Amalgamated 
Society of Engineers. However this may 
be, we now have a report, possessing the 
character of a thoroughly conscientious 
document, which preaches wisdom to 
workmen, and which deserves to be 
widely read and carefully studied by all 
who are employed in British engineering 
works. 











The Electrification 


of the Mersey Railway. 


HE month preceding the issue of 

this number has been rendered 

illustrious by the fact that for the 

first time steam power has been 
displaced in favour of electricity in the 
working of an English railway. 

The undertaking, although of great 
interest technically, has, however, attracted 
a great deal of attention, chiefly because 
such a revolutionary change is not without 
significance as to the direction which 
development is taking in the railway 
world, indicating as it does the final 
supersession of steam by electricity on all 
urban and suburban steam railways 
carrying a dense passenger traffic. 

Not that other suburban steam-worked 
lines are subject to the same disadvantages 
that were attached to the Mersey Railway, 
with its smoky, dirty and depressing 
tunnel and carriages, and iis unpleasant 
and unfavourable conditions of working ; 
but electrification will be certain § to 
provide, first, for the public, a much more 
frequent service of trains, faster and 
more comfortable travelling in well-lighted 
carriages, and purer air in_ tunnels; 
second, for the companies, a_ larger 
passenger traffic and greatly reduced 
working expenses. Certainly, so far as 
the Mersey undertaking is concerned, the 
new service is sO great an improvement 
upon the old, and the contractors have 
done their work in so thorough and pains- 
taking a manner that its future commercial 
prosperity is a foregone conclusion. 

On reference to the sketch-map, it will 
be seen that the Mersey Railway affords, 
besides the steam ferry-boat service, the 
only means of communication between 
the largely populated towns situated on 
both sides of the River Mersey. The 
system, at present, comprises nearly 


five miles of double track, extending from 
the Central Low Level Station, Liverpool, 
which connects with the Central Station 





of the Cheshire lines, under the river to 
Birkenhead, where the terminus at Rock 
Ferry makes a junction with the London 
& North Western and Great Western 
Railways. Of the intermediate stations, 
James Street, Liverpool, forms a ready 
means of access to the terminus of the 
Lancashire and Yorkshire Railway; and 
James Street is in close proximity to 
the Overhead Railway. From Hamilton 
Square a branch line connects with the 
Wirral Company’s line at Birkenhead 
Park, a line which in the near future 
we may hope to see following the example 
of the Mersey Company in the matter of 
electrification. 

The inception of the railway took place 
in 1886. when an Act was passed granting 
the necessary powers for the construction 
of a pneumatic railway in the tunnel be- 
neath the bed of the river Mersey. This 
scheme, however, did not appear to give 
satisfaction, with the result that it was 
abandoned until 1870, when plans for a 
steam railway were developed. Nine years 
later the actual work of construction was 
commenced by the boring of an experi- 
mental tunnel for the purpose of deter- 
mining the nature of the subsoil. 

Public confidence having been secured 
by this preliminary work, which was 
executed at a cost of £100,000, the 
capital required was readily subscribed, 
and in 1881 work was started on the con- 
struction of the permanent double railway 
line. In 1885, or just six years from the 
date of commencement, the work was 
completed. The cost of construction 
averaged £500,000 per mile, and no less 
than 320,000 cubic yards of rock were 
excavated from the main tunnel alone. 

The official opening of the line by the 
then Prince of Wales took place on 2oth 
January, 1896, a few days before the 
actual opening for traffic, and, with the 
exception of certain extensions and minor 











improvements effected at various dates, 
the main features of the railway route 
remain substantially the same to the 
present day. The main tunnel is 26 ft. 
wide, and 1g ft. from the rail level to the 
crown of arch ; it is lined throughout with 
brickwork set in cement. There are also 
two auxiliary tunnels, consisting of the 
original experimental shaft, which is now 
used for ventilation purposes, and another 
used for draining the water away from the 
main tunnel. They are not independent, 
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¢#he auxiliary and main tunnels are 
connected at frequent intervals by short 
cross drives, and a system of bulkheads 
in the ventilation heading makes it pos- 
sible to draw the foul air from all parts, 
fresh air being drawn in through the 


stations and tunnel ends. Huge fans of 


30 ft. and even 4o ft. diameter, driven 
by large horizontal steam engines, were 
employed for this purpose, occupying 
large fan houses situated where rent is 
exceedingly high, no small item of the 
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however, for the whole of their length, 
but join for some distance at somewhere 
about the centre of the cutting. 

Below mid-stream the tunnels are 
practically at the same level, but at the 
shore ends the divergence is very con- 
siderable, due to the necessity of having 
to drain the water downwards from the 
centre, whereas the main tunnel follows a 
line which is lowest at the centre, but 
rises,” however, towards the banks at 
gradients as steep as could be negotiated 
by steam locomotives. 











MAP OF THE MERSEY RAILWAY AND ITS CONNECTIONS. 


company’s income being due to the heavy 
expenses incurred in their upkeep. These 
cumbrous appliances are now replaced by 
smaller electrically - driven fans, which 
more effectively and economically perform 
the simplified work of ventilation. 

The drainage system is very complete 
and on a large scale, having been designed 
for a capacity of 18,800 gallons per minute. 
As a matter of fact, the engineers allowed 
a very large factor of safety, for the 
estimated maximum was 7,000 to 8,000 
gallons, while the quantity actually pumped 
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type, in which 
the steam dis- 
tribution is on 
the “cataract” 
system govern- 
ed by oil cylin- 
ders. They 
have rams of 
40 ins. dia- 
meter, and 
work at 2} re- 
volutions per 
minute, and 
are among the 
largest of any 
pumping en- 
gines in the 
country. They 
were made by 
Messrs. Barclay 
& Co., Kilmarnock, and Messrs. Hathorn, 
Davey & Co., Leeds, and are so satis- 
factory that it is not proposed to replace 
them by others of a different type. 
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Of the great quantity of 
water dealt with only a small 
proportion comes from the main 
tunnel, as the brickwork and 
cement lining of this has 
proved itself waterproof to an 
admirable degree. The ventila- 
tion and drainage headings, 
however, are unlined almost 
throughout, and seem to have 
to some extent the effect of 
drawing water away from the 
main tunnel. 

There are seven stations on 
the system, of which three are 
situated on the surface, two in 
tunnel, and one at the low level. 
In the case of the two tunnel 
stations—viz. Hamilton Square 
and James Street—the tunnel 


has been enlarged to a width of 50 ft., 
and to a height, from rail level to crown 
of arch, of 30 ft. They are 400 ft. long, 
and are situated at a depth of roo ft. 
below street level, communication made 
with the road being in each case by stair- 
way, incline, and hydraulic lifts. These 
lifts are perhaps the largest in the country, 
and are capable of carrying 150 passen- 
gers every journey. ‘Their dimensions 
are 16$ ft. by 19} ft., and power for 
working them is supplied by a head of 
water obtained from a tank built on the 
top of a tower rising above the station 
buildings to a total height of 130 ft. 
Formerly the pumps used for raising the 
water from an exhaust tank situated below 
the street level were of the steam-driven 
duplex type, but these have been replaced 
by automatically-controlled triplex pumps 
of the Simpson type, driven by 55-h.p. 
Westinghouse motors. They are much 
more efficient in service, and occupy less 
floor space. The opening of the length 
between James Street and Liverpool Cen- 
tral Station in 1892 completed the last 
extension to the line, although minor 
alterations have been made subsequently 
with a view to increasing the traffic, which, 
owing largely to the atmospheric condition 
of the tunnel, had been rapidly falling 
away while working expenses had been 
increasing. 


Matters came to a climax three years 
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ago, and as a consequence rights were 
obtained for electrical working, and in 
July, 1901, an arrangement was entered 
into with the British Westinghouse Electric 
and Manufacturing Company for the com- 
plete electrical equipment of the whole 
system. The work, which has been so 
successfully and energetically carried out 
by the contractors, can only be described 


COLLECTOR END OF DOUBLE-CURRENT ELECTRIC GENERATOR. 


as of the most thoroughgoing character, 
and is representative of all that is most 
advanced in modern practice. It has 
been executed without the least inter- 
ference with the ordinary steam traffic, a 
circumstance which reflects great credit 
upon the Westinghouse Company when 
the difficulties of the situation—the bulk 
of the work having to be carried out in 
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tunnel and under trying conditions—are 
taken into consideration. 

Taking the generation of the current 
as a starting-point, we will endeavour 
to give a description of the chief features 
of the new plant and equipment. The 
new electric power generating station is 
situated at Shore Road, Birkenhead, and 
closely adjoins the Hamilton Square 
station of the railway, and 
occupies the same site as the 
older pump-house connected 
with the tunnel drainage 
system. The buildings are of 
steel-work, bricked in, with 
substantial and neatly finished 
stone trimmings, and com- . 
prise the main building, 
battery-house, and fan-house. 
The main building, which ac- 
commodates the generating 
plant, measures internally, 
135 ft. by 145 ft. 9 ins., and 
is divided by a substantial 
brick wall separating the 
boiler-room from the engine- 
room, the latter occupying 
about 70 ft. of the total length. 
Draught is secured by means 
of a brick smoke-stack of 
circular section, 13 ft. inside 
diameter, rising to a height of 
250 ft. The site is admirably 
chosen, as it is fed by a branch 
of the Liverpool Docks railway 
system, by which every facility 
a is afforded for the carriage of 

2 material and coal. It is, 

moreover, close to the centre 

ke of the railway system. The 
coy fuel used is Staffordshire coal, 
: which is tipped direct from the 
‘ wagons into a steel hopper of 
Io tons capacity, which is 

level with the ground. 

Under the hopper there is a 4-roll 
crusher, provided with 6-in. square shafts 
and massive cast-steel claws. The con- 
necting gear-wheels are of steel, and the 
first shaft is driven with positive gear of 
the spur-wheel type by a 74-h.p. Westing- 
house motor. All the wheels have cut 
teeth. From the crusher the now broken 
coal drops through a revolving filler, which 














automatically feeds the buckets which 
pass underneath the same. Each bucket 
holds 56 lbs., and the working capacity of 
the conveyor is 50 tons per hour. ‘The 
buckets being full pass round corner 
wheels ; then horizontally to the face of 
the boiler-house wall, where they ascend 
to the top of the ash-hopper, which is 
built into the end of the building, so that 
‘on a sloping shoot being opened the stored 
ashes can be located to a truck which has 
just been relieved of coal. The tipper 
over the ash-tank is swung out of gear 
when coal is being handled. After pass- 
ing over the ashtank the chains reach 
another set of cant-wheels, which work on 
a shaft running in bearings, to which are 
attached 1}-in. diameter square-threaded 
spindles, which are used for taking up the 
slack on the chain. From this point the 
run of the conveyor is vertical for about 
10 ft., and after passing round another set 
of corner wheels travels over the large 
coal bunkers. 

Near the far end of the building the 
conveyor makes a gradual descent to the 
wall, passes round the cant-wheels, then 
descends to the floor level, in which is 
cut a shallow trench. One feature of this 
plant which is worthy of notice is this 
section of conveyor under the firing-floor 
level. Owing to the rocky nature of the 
ground, it was found advisable to make the 
excavations as few and shallow as possible, 
and the designers (the New Conveyor 
Company, Ltd., of Birmingham) decided 
to dispense with the usual travelling filler 
for putting the ashes automatically into the 
buckets. To do this it was necessary to 
alter the shape of the buckets, so that only 
4-in. clearance is found between them, 
and this enables the stokers to sl:ovel the 
ashes through grids in the floor, and they 
thus find their way into the buckets with- 
out any spilling. When the buckets are 
filled they travel along in the trench to 
the railway end of the boiler-house, and 
just before reaching the end they pass 
down an incline, which brings them under 
the level of the crusher, which completes 
the cycle. To enable the ashes to pass 
round to the bunker previously mentioned, 
the coal filler is lifted out of gear. The 


driving gear is situated in the top left-hand 





‘are operated by 
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corner of the boiler-house, and consists 
of a 15-h.p. completely enclosed standard 
type Westinghouse motor, which drives 
with positive gear on to the end shaft. 
The conveyor over the coal bunkers is 
carried by longitudinal joists resting on 
the roof principals, and on to these joists 
are attached the necessary brackets and 
rails. 

The feed-water is drawn from the Bir- 
kenhead public supply, and passes through 
a Harris-Andersen softening plant to the 
economisers. The softening plant has a 
capacity for softening 3,000 gallons of 
feed-water per hour, and purifying 8,000 
to 10,000 gallons of condenser water per 
hour. The economisers are by the Clay 
Cross company, the scrapers for these 
being. operated by two multipolar 5-h.p. 
motors of the dust-proof type. 

The vertical direct-acting pumps for 
feeding the boilers have been supplied 
by Messrs. G. & J. Weir, Ltd., Cathcart, 
Glasgow. These are of the twin-compound 
type, designed with a view of attaining a 
high degree of economy in the matter of 
steam consumption. ‘There are two sets 
of pumps, each set consisting of two 
pumps of the well-known Weir type, 
connected in such a way that either pump 
may be used independently, or, as on 
ordinary service, the steam from the 
cylinder of the one pump may exhaust 
into the steam cylinder of the other pump. 
In addition to this the steam is used ex- 
pansively in each steam cylinder, the 
object being to slow down the speed of 
the piston towards the end of the stroke. 

The water cylinders of the pumps are 
8 ins. diameter, with 12-in. high-pressure 
and 22-in. low-pressure cylinders, the 
stroke being 21 ins. 

Each pump, when working under 
normal conditions of piston-speed and 
steam-pressure, is capable of delivering 
170 gals. per minute, against a_boiler- 
pressure of 170 lbs. per sq. in. when 
working non-condensing. ‘The pumps 
steam superheated 
120 degs. Fahr., and have an overloaded 
capacity, without excessive piston speed, 
of 50 per cent. above the normal. 

The valve gear is positive —z.e. the 
steam valve can never be in such a posi- 
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VIEW OF AN INSULATOR SUPPORTING A CONDUCTOR RAIL. 


ILLUSTRATION ALSO SHOWS THE METHOD OF 


THE RAILS, 


tion that the pump will not start imme- 
diately the steam is turned on. 

The condensing plant contains surface 
condensers of the Weir marine type, and 
an interesting feature, as regards English 
practice at least, consists in the adoption 
of the Holly gravity return system, which, 
by a simple arrangement of drains and 
separators, ensures the economical and 
automatic return of condensed water to 
the boilers.* 

The latter are at present nine in 
number, and are of the Stirling water-tube 
type, each having 4,370 sq. ft. of heating 
surface and working at a normal speed 
pressure of 170 lbs. per sq. in. Three of 
these boilers are at present engaged i 
supplying steam to the old pumping 
engines above-mentioned, and all are fed 
by means of Roney mechanical stokers 
driven by four standard Westinghouse 
steam engines of the 44 ins. by. 4 ins. 
size. 

The main steam supply is from a ring 
header of roins. and 12 ins. diameter steel 
piping; the exhaust main is of riveted 
sheet steel pipe of from 32 ins. to 48 ins. 


* A drip receiver, placed below the lowest point to be 
drained, collects drips from all parts of the plant, from 


which it flows into a main receiver through a specially 
designed suction T. The forcing end of the T is connected 
to one or more separators, and this condensation is also 


delivered, under boiler pressure, into the main receiver. 
The whole is then swept up a riser pipe in finely-divided 
particles (due to a special discharge head on the main 
receiver) into an elevated separator, and from which it feeds 
by gravity into the boilers. The water in its upward flight 
is carried with the steam that is required to maintain the 
circulation, and occupies a vertical position, above the water- 
line of the boilers, in the return pipe, where the head of 
water, plus the pressure in the separator, forces it back to 
the boilers. 


BONDING 
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diameter. These mains are 
laid in the lower floor of the 
engine-room part of the power- 
house, the engines and dy- 
namos being above them on a 
steel and concrete floor. 

The main electrical supply 
is generated by three sets, 
each consisting. of a vertical 
cross-compound engine of 
1,650 h.p. normal rating, 
direct-coupled to a Westing- 
house double-current genera- 
tor. The engines are of the 
Westinghouse-Corliss type, 
well known in central station 
practice. The cylinders are 30 
ins. and 60 ins. diameter respectively, and 
the stroke is 48 ins.; the admission valves 
of the high-pressure cylinder are of the 
“poppet” type, all others being simple 
Corliss. Reheating receivers are connected 
to the engines. The normal speed is 94 
revolutions per minute, and with steam at 
170 lbs. and 25 ins. vacuum, have an 
overload capacity of 60 per cent., or when 
working non-condensing, .40 per cent. 
The dynamo of each set is built direct 
on the shaft, between the high- and low- 
pressure sides of the engine. All these 
are exactly alike, and supply either direct 
current at a pressure of 650 volts, or three- 
phase alternate current of 25 periods per 
second frequency when running at normal 
speed. 

The ficld consists of a vertically divided 
cast-steel ring having 32 pole-pieces cast 
on its inner side, projecting radially towards 
the centre. The pole-pieces are built up 
of soft steel stampings, reducing eddy- 
currents to a minimum. ‘The fields are 
compound-wound, the circuits being over- 
compounded to give a rise of 10 per cent. 
in pressure of output with change of load 
from zero to maximum rated output. The 
armature is of the slotted core, drum- 
wound type; the core and commutator 
are built mgidly together on the one spider, 
which is pressed and keyed as one piece 
on to the engine shaft. The sheets of the 
core are stamped out in the form of seg- 
ments having inner lugs, which dovetail 
into slots machined into the periphery of 
the cast-iron spider, the whole core being 
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solidly clamped together by cast-steel end 
rings. The armature windings are of 
copper bar forged to final shape and 
insulated before being placed in the 
core slots. 

No alternating current is being utilised 
at present ; the only reason that provision 
has been made for it being the likelihood 
that certain other suburban railways in the 
district may ere long bz converted to electric 
traction, in which case supply might be 
profitably obtained from the Mersey Rail- 
way power-house by means of high-tension 
alternate-current transmission and _ local 
sub stations. Two of the sets are at present 
in use to supply the ordinary load, although 
on the opening day, owing to the heating 
of a high-pressure piston rod, one of the 
sets took the whole load for a short period. 

For the lighting circuits of the whole 
system, including the power-station and 
the arc and incandescent lamps of the 
stations and their approaches, two smaller 
sets have been put down generating 
current at the same pressure as the main 
dynamos, viz. 650 volts, thus rendering 
them a valuable adjunct for the traction 
circuits in case of need. Each set con- 
sists of a Westinghouse compound engine 
of the 16 ins. by 27 ins. by 16 ins. size 
direct-coupled to a 200-kilowatt direct- 
current generator. The engines are of 
the single-acting enclosed type, having a 
single horizontal piston-valve fixed over 
the side-by-side pair of vertical cylinders. 
They run at a normal speed of 250 revolu- 
tions per minute. The dynamos are of 
the Westinghouse multipolar type, of 
similar design to the main set, excepting 
that they are built for delivering direct- 
current only. 

The engine-room is further provided 
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with a reversible motor-driven booster set 
working in conjunction with a storage 
battery. The latter, as before mentioned, 
is accommodated in a separate building, 
and consists of 320 cells type “R” 
chloride accumulators. 

The main switchboard, of 19 panels, is 
erected on a gallery at one end of the 
engine-room, raised 12 ft. above the floor, 
and 18 ft. wide, allowing ample space 
both in front of and behind the board. 
It is of standard Westinghouse pattern, 
with the usual indicating and recording 
instruments, switches, etc., mounted upon 
white marble. The works lighting switch- 
boards and many auxiliary boards are 
separate, being located in convenient 
parts of the works buildings. The light- 
ing is effected by means of 210 volt 
incandescent lamps arranged in groups 
of three in series. 

An overhead electric traveller has been 
provided, equipped with the usual dust- 
proof crane motors and controllers. 

Coming now to the distribution, there 
are 19 main feeders.of the lead-covered, 
paper-insulated B.I.W. type, which from 
the switchboard pass down one of the 
original vertical shafts to the track col- 


‘lector. rails, which they reach through 


the cross-headings leading into the main 
tunnel. They are fastened to the solid 
rock by means of wrought-iron hook- 
racks firmly secured to the rock-face, 
where the shaft is horizontal, or by 
wrought-iron clamps in the vertical 
cuttings. 

The track is fitted throughout on the 
third and fourth rail system, consisting of 
insulated feeder and insulated return con- 
ductors. The positive rail is on the out- 
side of the track, and is the higher of the 
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two. The negative rail is the lower, and 
is laid in the centre between the track 
rails. The insulators are of similar types 
for both positive and negative rails, and 
differ only in size. Each consists of a 
hollow cube of vitrified earthenware, on 
the top of which rests the flat base of the 
collector rail. The latter is held securely 
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TRAILER END OF MOTOR CAR. THF VIEW SHOWS DISTINCTLY THE POSITIONS OF 
TRACK AND CONDUCTOR RAILS, ALSO THE CURRENT-COLLECTING SHOES. 


in position on each insulator by means of 
a pair of steel clips. The insulator block 
is carried on a broad based foot, which 
has a vertical centre-pin over which the 
earthenware cube is cemented with molten 
sulphur, the base being secured to the 
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cross sleepers of the track by coach 
screws. The insulators are arranged at 
intervals of every third sleeper. The 
earthenware block of the positive rail 
insulator is a 6-in. cube, that of the 
negative rail insulator is 6 ins. square by 
3 ins. deep. © The positive rail throughout 
its whole length is prevented from acci- 
dental contacts or earth- 
ing by means of wooden 
guards. The bonding 
of the rails is done by 
means of flexible rail 
bonds of the “ Protector” 
type. These are all 
one-piece bonds having 
flexible centres and solid 
ends, the solid ends 
being swelled by hydrau- 
lic pressure into holes 
in the rail web and sole. 
The web bonds are 
covered in and protected 
by the fish-plates. Each 
joint has two web bonds 
of 400,000 circular Mills 
section, and also two 
foot bonds of similar 
cross-section. 

Most of the conductor 
tails, which are of soft, 
high-conductivity steel, 
are of 100 lbs. per yard, 
the remainder running 
at 60 Ibs. per yard. 
They consist of 60-ft. 
lengths, and an expan- 
sion space has been left 
at every eighth joint in 
the tunnel and at every 
fourth in the open air. 

The whole of the rail- 
way track has been re- 
laid, and alterations of 
crossovers have been 
made where necessary 
on account of the clear- 
ance differences intro- 
duced by the new rolling stock as com- 
pared with the old, and the rearrange 
ments required for the correct installation 
of the collector rails. A further reason 
was that every third sleeper required to 
be 3 ins. longer than the rest, to accom- 























modate an 
collector rail. 

The running rails are in 30-ft. lengths, 
weighing 86 lbs. per yard, of double bull- 
head section ; they rest on wooden cushions 
recessed into 54-lb. chairs, secured to 
cross sleepers spaced at from 13 to 16 
per rail length. The ballasting consists 
of 6 ins. of clinker ash at the surface, 
below which is 4 ins. thickness of broken 
sandstone resting on a well-packed floor 
of sandstone blocks. The sandstone used 
is part of that cut out during the driving 
of the tunnel. 


insulator for the positive 
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accommodate 60 passengers each; and 
the third-class, of which there are 17, 64 
passengers eack. There are five compo- 
site cars, accommodating 22 first-class 
and 40 third-class passengers. All the 
cars are built on the corridor principle. 
The bodies have been supplied by Messrs. 
G. F. Milnes & Co., Hadley. The trucks, 
which are of the double type, were 
manufactured by the Baldwin Locomo- 
tive Works Co., Philadelphia. Each 
motor-car is provided with four Westing- 
house No. 83 type railway motors, of 
100 approximate h.p., working at from 


Siete itis ae 





MERSEY RAILWAY: FIRST- AND THIRD-CLASS MOTOR CARRIAGES. 


The electric train consists of two motor- 
cars, one at each end, with two or three 
trailers varied to suit the requirements of 
the traffic. 

The present rolling stock consists of 
24 motor-cars and 33 trailers, 12 of the 
motor-cars being first-class, and 12 third- 
class. The first-class cars will accommo- 
date 48 passengers, and the third-class, 
50. Behind the motorman’s compari- 
ment accommodation has been made for 
passengers’ luggage. Of the trailer cars, 
the first-class, of which there are 11, will 





550 to 600 volts, of the enclosed four- 
pole type. 

The collector shoes are fitted on stout 
wooden beams, one beam being fixed to 
the touch frame at the end of every car, 
and carrying three collector shoes. Two 
of the latter act as current collectors, 
running alternately on the positive rail ; 
the third shoe runs on the negative rail, 
forming the negative terminal of the car 
circuit. They are of soft iron, and gravity 
is depended on to maintain an efficient 
electrical contact. 
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MOTOR-MAN’S SWITCH. 


The controllers and the circuit-breakers 
are equipped with the Westinghouse 
electro-pneumatic system for train opera- 
tion on the multiple-control system. 

This is a method which has obtained a 
considerable vogue in America, and. wide 
practice has proved it to be a complete 
success. By its means the motors can be 
controlled from any point distant from the 
motor, and a train having two or more 
motor cars in its length, can be controlled 
from the leading vehicle of the train. Two 
power agents are employed, viz. electricity 
and compressed air; the former being 
used for carrying the driver’s wish through 
the train by reason of its rapidity of trans- 
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mission, the latter for performing the 
actual working of the apparatus on account 
of its strong and reliable action. 

The apparatus consists essentially of 
small compressed-air motors, which take 
the place of the driver’s hand and actuate 
the controllers and circuit breakers. The 
two vertical shafts of the main-current 
controller are extended above the con- 
troller cover to receive the actuating gear, 
which replaces the usual hand levers. 
The projecting end of the shaft of the 
main drum of the controller is fitted with 
two ratchet wheels and a pinion wheel. 
The former serve for moving the controller 
“on.” The pawls are carried on the end 
of the piston rod of a small pneumatic 
motor, which always gives a short complete 
stroke, moving the controller drum de- 
finitely, step by step, to the operating 
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INTERIOR OF SWITCH. 











position required. In returning the con- 
troller to the “off” position, the pinion 
on the shaft is brought into use. This 
gears with a rack carried on the piston-rod 
of a long-stroke pneumatic cylinder, which 
also always makes a definite complete 
motion to the end of its stroke, when it 
is put into action. Thus the return to 
the “off” position is always complete. 
The reversing drum of the controller is 
also actuated by a rack-and-pinion gear 
and small pneumatic motors ; the circuit- 
breaker also is opened or closed by electro- 
pneumatic motors. 

The admission of compressed air to all 
these small motors is accomplished by 
means of small pin-valves electro-magneti- 
cally operated, the current being supplied 
by a small secondary battery. The 
driver controls the whole of the motor-car 
apparatus in the train by means of a 
multiple - control switch. Moving the 
switch handle over to the right or to the 
left causes the train to move in either one 
direction or the other. The first motion of 
the switch in either direction sends current 
through the corresponding valve magnets 
of the reversing gear of all the controllers, 
thus throwing their reversing drums to the 
positions corresponding to the required 
train direction. 

Although the switch handle can be 
turned straight to any position, the car- 
controllers are not moved over simul- 
taneously with it, but by means of an 
automatic repeating device they are turned 
step by step by the repeated backward 
and forward strokes of the short air- 
motor. 

The step-by-step movement of the con- 
trollers tends to preserve the motors from 
sudden damaging over-loads; but they are 
further protected by an automatic device 
which arrests the motion of the controllers, 
should the main current reach a certain 
high pre-determined value. A reduction 
of the current releases this locking, and 
allows the controllers to continue their 
advance to the required operating position. 

The compressed air supply for the con- 
troller and circuit-breaker operating gears 
is drawn trom the Westinghouse air-brake 
reservoir beneath each motor car, which 
is charged every journey by a small elec- 
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trically - driven automatically - controlled 
compressor plant installed at the terminal 
and several intermediate stations. 

A connection between the air-brake 
operating cylinder and the releasing 
cylinder of the controller ensures the 
instant return of the controller to the 
“off” position, should the train brakes 
be applied when the motors are receiv- 
ing current. Itis well known that a break 
in the continuity of the pneumatic system 
of a train equipped with Westinghouse 
automatic brakes, caused either by a part- 
ing of the train or by any other accident, 
results at once in the brakes being applied 
over the whole train length. Such a failure 
or accident would, in a train fitted with 
the Westinghouseelectro-pneumatic system 
of control, result in the instant cutting off 
of the driving current. 

The motor-man’s compartment contains 
the controller, but it is quite at one side 
and does not interfere with him in his 
correct working of the  train-driving 
appliances. The driver occupies the left- 
hand side of the compartment, having as 
the only levers necessary for normal train 
operation the small lever of the air-brake 
valve and the handle of the multiple- 
control switch. These are placed not 
more than a foot apart, and are about 
waist high. 

The other appliances within easy reach 
are the lever for actuating the automatic 
coupling with which the rolling stock is 
uniformly equipped and the hand-wheel 
connected with the usual type of hand- 
brake. Overhead is the majn circuit- 
breaker of the motor’s electrical supply. 
The whole of the compartment is lined 
with asbestos slate. 

The automatic couplings used are of the 
Buhoup three-stem type. They are a 
combination of centre draw-bar coupling 
and single centre buffer, forming the only 
cushion buffer which is fitted on these 
carriages. The joining is automatic, by 
the forcing of two vehicles together ; 
release is effected by means of the hand- 
lever and chain from the motorman’s 
compartment, as already mentioned. Other 
devices which come under the control of 
the motorman are an air-blast track-sander 
and an alarm whistle, both of which are 


— 
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actuated by compressed air drawn from 
the brake supply. 

The seven-wire cable of the control 
system, as well as the train-pipe of the 
brake system, is carried along the left- 
hand side of the carriages under the floor, 
the connection of the power between car- 
riages being simply effected by means of 
a seven-point plug and -socket joint, pro- 
tected by a light annealed iron housing. 

The first-class cars have polished ma- 
hogany panels inside and spring rattan 
seats. The third-class cars are finished in 
light oak, with bentwood seats. Outside 
the cars are finished in a rich, dark red, 
which is relieved with gold lines. The 
seats are mostly arranged along the length 
of the carriage, the passengers facing the 
centre ; and sliding glass panel doors are 
fitted between the compartments. 

The first electric train was run over the 
new track on January 31st last, but since 
that date continuous experimental runnings 
have been maintained between the or- 
dinary steam service and during the night. 

The last steam train to carry passengers 
through the tunnel left Liverpool Central 
Station at 12.26 on Saturday, May 
2nd, its departure being signalled by a 
brass band playing “Avid Lang Syne,” 
and popilar airs with refrains appropriate 
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to the occasion, while the steam locomo- 
tive joined in the celebrations by discharg- 
ing a salvo of detonators as it passed 
through the different stations on its final 
journey. 

On the following day a party of direc- 
tors and their friends made a tour of 
inspection over the line, and at mid-day 
the trains were thrown open for the 
accommodation of the public. 

With regard to daily service, a three- 
minutes’ service is now in _ operation 
between the Central Station, Liverpool, 
and Hamilton Square Station, Birken- 
head, and a six-minutes’ service from the 
Central Station, Liverpool, to the Park 
and Rock Ferry Stations. This represents 
a considerable acceleration of the recent 
service, and the schedule speed of twenty 
miles an hour, including stops, places the 
Mersey Railway, in spite of its steep 
gradients, in the position of being the 
fastest electric railway in this country. 

[The Editor takes this opportunity of 
thanking the British Westinghouse Co., 
and Mr. R. Bowman Smith, the traffic 
manager, for the opportunity afforded him 
of inspecting the line, and Messrs. Kirker 
and C. A. Bustard for the courtesy ex- 
tended to him on the occasion of his 
visit. | 
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REPLY TOJE. C.2 “09 


Building Commutator. (age 263.)jj- 


To decide this matter, it is necessary to 
consider why a commutator requires heating. 
The general construction is, a cast-iron or 
steel sleeve with flanges at each end, turned 
conical, and drawn together by bolts. There 
is nothing in the mechanical construction to 
require the application of heat to assist the 
compressive force exerted by the bolts. The 
difficulty really arises with the insulating 
material between each section, and more 
particularly between the whole of the sec- 
tions and the sleeve upon which they are 
mounted. These insulating cones are gene- 
rally of mica in small pieces, cemented 
together and moulded to shape. The heat- 
ing assists the exudation of superfluous 
cement, and the natural oil which is held 
by the mica strips between the adjacent 
segments. It should therefore be carried 
out after the commutator is completely 
assembled, and to a higher temperature 
than can possibly be attained in actual 
working. There is, of course, no objection 
to heating the parts separately, providing 
the application is continued after assem- 
bling, and during which time the nuts may 
be gradually tightened. }. . &. 


a a) 
REPLY TO W. W. 


Alterations in Dynamos. (/2ge 263.) 


The method suggested for dealing with 
faulty field-coils is only applicable to motors 
having a two-circuit winding on the arma- 
ture, which include all bipolar and many 
small multipolar motors. The full voltage 
would be thrown on the coil or coils re- 
maining in circuit, resulting in increased 
shunt current and additional heating, which 
in a bipolar machine would probably be of 
a dangerous character. In multiple-circuit 
armatures, with one set of brushes per pole, 
disconnecting a faulty coil would decrease 
the flux in that and the two adjoining poles. 
If four poles, disconnecting the opposing 
magnet coil would permit the motor to run 
(with all brushes on) at a higher speed. 
With six poles no symmetrical arrangement 
can be arrived at, either by dispensing with 
coils, poles or brushes. js 8. B. 





REPLY TO W. W. 
Electricity Meters. (age 264.) 

W. W. starts his query with a statement as 
to the prevailing practice of installing meters 
which one hopes is not accurate, if only for 
the sake of the reputation for common-sense 
of the managers of supply companies. At 
any rate, the prevailing practice is at variance 
with the writer’s experience, which is, that 
meters are removed and recalibrated after a 
use of, at most, three years. As the majority 
of meters become slower as time passes, it 
isevident that it is better economy to pull them 
out and recalibrate after, say, three years, than 
to leave them on circuit until they are only 
fit for the scrap-heap. In the latter case 
they would be probably from Io per cent. to 
20 per cent. slow, a percentage which is 
worth considering if the consumer’s bill 
amounts to £20 per annum. But, taking the 
question as it stands, where meters are left 
on circuit for five to ten years, the best thing 
to do is to change the practice. Try instead 
a proper testing department, and get a good 
man to look after it. Then give him the old 
meters to put right, and he, if he has a good 
knowledge of electricity and a lot of ex- 
perience with meters, will soon have them 
accurate within 2$ per cent. And _ this 
without calling upon the makers at all, 
except for a few spare parts. The above 
broadly answers \W. W.’s question, but to 
give details as to the treatment necessary for 
the meters would involve the description of 
each type, and that would mean a good-sized 
volume. A simple cleaning, for instance, 
will do wonders for a Thomson meter, and 
with luck it can be put right in a quarter of 
an hour, but in obstinate cases it may take 
two hours. Clean mercury does a lot for 
Hookham and Ferranti meters, and the latter 
is often benefited by a heavy overload for a 
short time. To alter the rate of an aron, 
add or take from the shut resistance, but if 
the curve of the meter is bad it may be due 
to a thousand and one causes, and the best 
thing to do is to ask one of the firm’s 
travelling inspectors to put it right. Other 


_ meters, other ways. G. C. Cc. 


> 
REPLY TO H. P. 
Polish on Turned Work. (/2age 263.) 


When iron or steel is turned without any 
lubricant being used, it will present a very 
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rough surface. This effect is brought about 
by the metal seizing on to the cutting edge 
of the tool and presenting a rough edge to 
the work : consequently the turned surface 
will be rough also. Now, a lubricant such 
as soapsuds will prevent this seizing taking 
place ; so the tool will always present the 
smooth cutting edge so necessary for pro- 
ducing a polished surface on the work. 
E. F. K. 
a 


REPLY TO W. W. 
Wetting Tramway Lines. (/age 264.) 


The reason for the electrical tramways 
authorities keeping the rails well watered is 
because the rails are used as the negative or 
return conductors. This being so, it is 
necessary that they should present a clean 
surface to the wheels of the cars, through 
which the current leaves the motors. After 
a rain it is more necessary than ever to wash 
the rails because it would be a hard job to 
get them clean if the mud were allowed to 
dry on. E. F. K. 


Almost every up-to-date electric-traction 
concern of any size have now their motor- 
driven water-tank for wetting the tram rails, 
and the prime reason for this is one of 
economy. It is a well-known fact among 
tramway engineers that. when tram rails 
are clean and wet there is a clear saving of 
from 15 to 50 per cent, of power, and it 
would be interesting to see the published 
record of current consumed on a few large 
undertakings on days when rain has fallen 
and kept the track in a constant wet state, 
compared with the current consumed by the 
same service of cars on a dry day when dust 
is blowing about the track. Hence the 
water-tank is brought into use to put the 
rails as near as possible in the same state as 
on a rainy day, and, at any rate, if it is not 
possible to keep the rails constantly wet in 
dry and summer weather, the flushing of the 
rail with water once or twice per day does a 
powerful amount of good. The dirt which 
in dry weather sets hard in the groove of the 
rail causes the car wheels to revolve on two 
different radii, and offers a great amount of 
resistance to traction. Not only is resistance 
offered to traction by the proper bearing 
surface of the car wheels on the head of the 
rails, but the flanges of the wheel revolving 
on the hard caked grit in the rail groove 
increases the resistance, and more horse- 
power is exerted in starting and running the 
car. Especially is this so where bogie (eight- 
wheel cars) are much used, for, of course, 
the resistance increases proportionately to 
the number of wheels. After the water-tank 
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has passed along the track, the next few 
cars, just by simply running over, spread the 
dirt to a certain extent on each side of the 
rail. When the rail gets dry there is a clean 
bearing surface, and the wheels make a good 
contact and no current is lost between the 
wheels and rails, which are the return for 
the current after it has passed through the 
motors. The Board of Trade allows only a 
small drop in potential in the return con- 
ductor also, and so the use of water on the 
rails helps to keep up the potential. Fre- 
quently, these tanks are fitted with appliances 
for cleaning the rails by ploughing the dirt 
out of the groove and brushing. With a 
power-station of limited capacity this wetting 
of the tram rails is almost indispensable. 
TRAM RaAILs. 
Pe ol . 


REPLY TO A. B. 
Length of Segment. (/age 353.) 

The length should be worked on the 
mean radius of the segment, 7.e. 604 ins., 
as shown, and is equal to one-twelfth of 
the full circumference at this radius. 





60°875 x 3°1416 x 2 xX 30 | 
360 
31°874, or practically 314. 

I do not know how “A. B.” intends to 
bend these segments, but I rather think 
they will stretch a little in this process. 
The amount, however, can only be found 
by experiment, and would probably be 
but slight, as the segments are very deep 
compared with the thickness. 

I have taken the 61-in. radius to be the 
external radius. S. W. A. 

[The bending can be done by rolls or 
clamping to a radial bending block.—Ep. | 


Length = 




















Replies to Workshop Queries. 


Worm Gearing. (Page 264.) 

Strictly speaking, it is not correct to say 
that power can be transmitted in one 
direction only by worm-wheel gearing. In 
cases where the pitch of the worm is large, 
the teeth of the worm-wheel smooth and 
in good condition, it is possible to reverse 
the direction of the power ; that is to say, 
it is possible in such a case to drive the 
worm bythe wheel. But, generally speak- 
ing, these conditions do not obtain. 
Whether the direction of transmission 
may be altered depends—(1) upon the 
pitch, and (2) upon the co-efficient of 
friction between the surface of a wheel- 
tooth and the worm. The second con- 
dition is, of course, a variable quantity. 
If the mechanism is dry or has been 
standing, friction is a large element of 
consideration ; indeed, friction might be 
altered to “stiction.” The effect of the 
pitch will be understood by a considera- 
tion of Figs. 1 and 2. Fig. 1 shows the 
general arrangement. An end view and 
a plan of the worm are given. In the 
plan only one wheel-tooth is shown, and 
that one in section (figured adcd). 
When the worm is turned in the direc- 
tion of the arrow (Fig. 1, &) for half 
a revolution the tooth aécd moves to 
a second position a’d'c'd. But the 
surface ef is mot the same surface as the 
surface g 4, for the worm turns round. 
Thus ef slides along ad in the direction 
ad, producing motion of aécd in the 
direction of the arrow JZ. As the worm 
is fixed for endwise motion, the process 
may be considered the equivalent of such 
a one as that shown in Fig. 2. A wedge 
by motion in the direction of the arrow a 
moves the block # in the direction of the 
arrow 6. JB is the wheel tooth, the wedge 
is the worm. A little consideration of the 
matter will easily explain that in any case 
of a screw we have simply an inclined 
plane wrapped round a cylinder. When 
the wheel is turned by the worm, we have 
a re-action due to the wheel in the inverse 
direction to 4. The line of action of this 
re-action is evidently the line along which 
the force on the worm tooth must act to 
tend to turn the worm. Now, by a con- 
sideration of whether #2 would move if 
this force # was impressed, we can deduce 
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the conditions of rotation of a worm by 
the application of a turning moment on 
its gearing wheel. If a = angle of wedge 
(or thread of worm) we have (revolving 2 
along and perpendicular to O P) 
nw Rk cosa= # sina 
where » = co-efficient of friction between 
surfaces. So that we have for the condi- 
tion that there will be a movement 
tana = p 
and tan a, for a thread is evidently = 
pitch ‘ P p 

ne (at pitch line) = =? Say: 

Therefore, for movement, 


Tra 
—- must be greater than up. 


Evidently, the smaller the pitch the less 
chance there is of any reversal of trans- 
mission of power. ‘Be Be 


> 


REPLY TO ASPIRANT. 
Drilling Glass. (age 353.) 


In reply to “ Aspirant” one method of 
drilling a 4-in. hole through }-in. glass is 
as follows :—-Procure a piece of fairly 
hard }-in. copper tube, and fit a shank to 
one end to fit the drill spindle. The 
other end of the tube should be either 
turned or filed up true. See that the 
glass rests square and solid on the table. 
Feed the drill with emery and oil, and lift 
the spindle frequently to feed fresh emery 
in. If the drill is a vertical one the feed 
could be arranged as in the sketch. 4 is 
a triangular slot cut in the tube about 
g-in. wide and deep, and a piece of metal 
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in the shape of half a cone soldered over 
it. The oil and emery is fed in at A, 
and when the tube is lifted it feeds itself 
automatically. M. E. J. V. A. 


ra) 
QUERY. 
Iron and Steel Manufacture. 

In the manufacture of angles, tees, etc., 
which are commonly used in constructional 
iron and steel work is there any book 
published giving the gross weight of the 
bloom or pile before heating and rolling 
into finished bars and also stating the 
weight per lineal foot of the bars after 
rolling ? 

I understand there is such a book 
published for wrought-iron bars, but I am 
very desirous of obtaining a similar work 
for steel. 

If there is no book published, I should 
be glad to learn what method is usually 
adopted for determining the size and 
weight of the bloom or pile before rolling 
into finished bars. A. E. D. 
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MATERIALS AND 
MEASUREMENTS. 

SECRECY has been like a pall for years 
over the science of indiarubber. Every other 
material which has fallen into 
the hands of electrical tech- 
nicians has been studied, and 
the information obtained has been placed on 
record. With indiarubber the case has been 
so different, that its prospects as an insulator 
are seriously impaired by a feeling of dis- 
trust. Carl O. Weber is doing good work 
by publishing his book on the Chemistry of 
Indiarubber, the literature of which is ex- 
tremely scanty and generally untrustworthy. 
Respecting the chemical character of the 
resins separated from rubber nothing at all 
is known, yet their technical effect is im- 
portant owing to the immense quantity of 
sulphur which they require for their own use, 
and of which they rob the rubber during the 
vulcanisation process. Indiarubber  vul- 
canised with an_ insufficient amount of 
sulphur is known to be highly perishable, 
and a truly scientific treatment, by which 
impurities are measured or allowed for if 
not removed, would enormously enhance the 
value even of cheaper brands. Besides the 
resins, there are sugars, albuminous bodies, 
vegetable fragments, sand, and other acci- 
dental impurities, all easily removable. To 
electricians, it is of paramount importance 
to remember that there is an impurity in 
technically pure rubber, generally known as 
“ash,” and being the mineral residue after 
incineration, it may represent mineral matter 
in an extremely fine state of subdivision, but 
a large part of it is undoubtedly in the form 
of organic salts. If we accept the electro- 
lytic theory of dissociation, even absolute in- 
sulation would not protect us against decom- 
position of a dielectric by the electrostatic 
attraction of the ions of an electrolyte, if 
such an electrolyte be on either side of the 
supposed absolute insulator. The existence, 
therefore, of unremovable organic salts in 
indiarubber’ may have a more important 
bearing on its permanency under continued 
electrical stress than is usually supposed.— 
Mervyn O’Gorman, £/ec. Times, April 2, 
1903, pp. 567-8. 


Indiarubber. 


IN an unbalanced engine two distinct sets 
of forces give trouble—(i) those set up by 
unbalanced rotating parts, and 

The (2) those caused by unbalanced 


Balancing reciprocating parts. The prac- 
Engines. tical effects of the former are 


undue wear and tear and heating 
of bearings, or if the bearing surface is ample 
the engine seatings may be sprung, thus 
permitting the whole engine to move with the 


Vol. 8.—No. 47. 
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eccentrically moving shaft; or if the seatings 
are rigid the. whole hull of the ship may 
move with the engine and thus be made to 
vibrate. The forces set up by vertical 
reciprocating parts tend to move the whole 
engine and ship up and down, or, when 
acting away from the vertical centre line, to 
tilt the engine endwise. In either case 
deterioration of the ship’s structure and dis- 
comfort to passengers and crew are likely to 
follow. The unbalanced parts of the crank- 
arms, the crank-pin, and that part of the 
connecting-rod weight located at and revolv- 
ing with the crank-pin centre, can be truly 
balanced by balance weights. But to prop- 
erly balance the piston, piston-rod, crosshead, 
and the remaining portion of connecting-rod, 
two cranks or two eccentrics placed symmet- 
rically on either side of the engine-crank 
must be employed, and these must be 
coupled to suitable balancing-weights and 
must cause them to reciprocate in a direction 
opposite to that of the reciprocating parts 
themselves. The commonly used arrange- 
ment, in which the rotating balance-weights 
are made heavy enough to balance not only 
the rotating weights, but also a part of the 
reciprocating weights, does not in any way 
balance the forces set up by the reciprocating 
parts. The theoretically correct method of 
balancing reciprocating parts by the addition 
of “bob” weights involves so much cost, 
weight, and complication that what are 
known as “collective” methods have been 
devised. The object of such methods is, not 
to balance the moving parts in connection 
with each cylinder independently, but so to 
space the centres of the various cylinders, so 
to arrange the various crank-angles, and 
so to proportion the weights of moving parts, 
as to cause the whole of the disturbing forces 
to cancel out. Collective balancing can be 
carried out more or less completely in some 
engines, but in others it is impossible, and 
then recourse must be had to independent 
balancing or partial balancing by counter- 
weight. The author then discusses in detail 
the balancing of vertical engines with one, 
two, three, and four cranks, and gives rules 
for the construction of diagrams displaying 
the manner in which unbalanced forces in 
any engine vary during a complete revolution, 
for determining the forces arising from the 
action of unbalanced parts, and for the pur- 
pose of ascertaining if the various parts of a 
proposed engine will be in balance. In con- 
clusion he shows that, before carrying out 
any scheme of balancing, care should be taken 
to ascertain its effect upon the curves of 
turning moment, and that the questions of 
interchangeability of crankshafts and of ease 
in starting should be borne in mind when 
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setting crank angles and distances between 
cylinder centres.—-H. M. Roundthwaite, 
Proc. Inst. Marine Eng., Session 1902-3 
Vol. XIV., pp. 3-41. 


CONSTRUCTIONAL. 


THIS paper is based upon tests conducted 
in the civil engineering laboratories at Cornell 
University in 1901. The 
methods of procedure, the 
results of the tests, and 
the outline of the conclu- 
sions are given. All the 
bricks used in the investigation were common 
building brick, measuring about 8 ins. by 4ins. 
by 2 ins. The tests conducted were as fol- 
lows :—(1) Compressive tests of whole brick, 
on end, edge, and flat, and of brick cubes ; 
(2) tension tests ; (3) bending tests ; (4) shear- 
ing and torsion tests. The conditions were 
—(1) Natural brick; (2) brick filled with 
water ; (3) reheated brick. In testing brick 
under the three conditions the author had in 
mind brick used in dry places, in wet places, 
and after having passed through a great fire. 
The following table collects the average 
results contained in fourteen tables given in 
the paper :— 


Properties of 
ck under 
Different Physi- 
cal Conditions. 


Feilden’s Magazine. 


IN this chapter, and those which are to 
follow, it is the writer’s purpose to present 
descriptions and illustra- 


Types and j i 
Details of Bridge [0S of types of bridge 
Construction. construction, and to give 


the essential data of not- 
able and peculiar structures. Most of the 
structures and details have been previously 
described in technical journals, and these 
articles will form a classified collation of 
examples selected to show the development 
of design, and to record it for convenient 
reference, and for the comparison of works 
actually built—Frank W. SKinner, /xg. 
Rec., April 11, 1903, Vol. XLVIT, No. 15, 
pp. 378-80. 


THIS article presents a method by which 
the two-hinged arch can be constructed so 
that the stresses may be 
Fa eed ont oth calculated with some 
ata py me degree of certainty of 
their being those of the 
finished structure. The lines of investiga- 
tion follow those of Mohr, Winckler, and 
Mueller—Breslau. Also wind stresses have 
received more than usual attention — Alex. 
Rice McKim, ug. Rec, April 11, 1903, 
Vol. XLVII., No. 15, pp. 380-82. 











Condition. 
Compression Net Loads. 
End. Edge. Flat. 
Natural ...| 2,628 2,832 3,995 
Filled with water | 2,320 2,717 4,562 
Reheated | 2,871 3,326 4,939 


: 


Ultimate Loads and Maximum Fibre Stresses in Ibs. per sq. in. 











Tension Bending Shearing Torsion 
Net Loads. | Fibre Stresses. | Net Loads. | Fibre Stresses. 
201 865 445 | 609 
209 783 384 518 
225 832 446 487 





By comparing the averages it will be seen 
that in every case brick on the flat are the 
strongest, those on edge next to the strongest, 
those on end next to the weakest, while the 
cubes are the weakest. It will also be seen 
that in all cases reheated bricks are the 
strongest, while bricks filled with water are 
the weakest in the end and edge tests, and 
that natural bricks are weakest in the flat 
tests. The most important tests are tension 
and compression, and of these tension is the 
more important, as it is the weaker stress. 
Bending is a more important test than shear, 
as strain along this line is more likely to occur 
than in shear. —- Sherman M. Turrill, 
Proc. Am. Soc. C.E., March, 1903, Vol. 
XXIX., No. 3, pp. 226-55. 


THE determination of the deflections for 
solid-webbed girders has hitherto been 
chiefly confined to 
girders with a con- 
stant moment of in- 
ertia, and such deter- 
minations have usually been made by means 
of the equation of the elastic curve. The 
purpose of this paper is to give a more 
general method for determining the deflec- 
tions of solid-webbed girders, and to illustrate 
its application to the forms of girders most 
frequently met with in practical bridge con- 
struction. Application of the general formula, 
recommended by the author, is also made to 
the plate-girder drawbridge, with the object 
of giving a simple method of making. a 


Deflections of Beams 
with Variable 
Moments of Inertia. 
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better design for the girders and end-lifting 
machinery for such bridges.—C. W. Hud-= 
son, Proc. Am. Soc. C E., May 1903, Vol. 
XXXTIX., No. 3, pp. 264-80. 


MucH of the matter in this paper relates 
to tests of Portland cement, and on this 
subject the author has 
ame on nothing to say that is not 
ement Masonry. . 
already known. His ex- 
periences as a user of cement show that 
holder tank work and engine foundations 
can be successfully put in during freezing 
weather if a brick is used that will quickly 
absorb the excess of water from the mortar. 
He finds it a mistake to use hot water in 
making the cement mortar, or to make the 
sand and brick hot. When there is not 
enough sensible moisture to produce expan- 
sion by freezing there can be no damage. 
Sometimes, in setting a new engine or 
machine in an old foundation, the author 
has put in foundation bolts by drilling holes 
but little larger than the bolts, hanging the 
bolts in the hole and then pouring in a neat 
Portland cement grout filling. He has set 
engines of 30 to 50 h.p. with all the bolts 
held in this way, and started up under full 
load in aweek. The advantages of Portland 
cement lime mortar are cheapness, rapid 
hardening, marked hydraulic properties, 
great strength on exposure to air and re- 
markable resistance to weather. The follow- 
ing proportions are recommended :— 


CEMENT. SAND. LIME PASTE. 
1 part 5 —siparts 0°5 parts 
I 4 67 5, IO ,, 

I 5 $s B°S 5 
J ”” 10 ” 2°0 ” 


Hydraulic lime may be used in place of 
ordinary slaked lime. In preparing for a 
foundation of cement masonry it is essential 
that the excavation be thoroughly drained, so 
that the concrete or footing courses of stone 
may go in dry, and no water rise on the 
masonry until the cement mortar has 
thoroughly set. Precautions must also be 
taken against flooding of the excavations by 
surface water in case of rain. Concrete can 
be put.in in freezing weather if covered with 
earth or manure, and it must not be allowed 
to freeze until the excess of water is gone. 
Concrete cannot be rammed against soft 
ground or on sandy ground. In the first 
case it is better to throw in broken stone 
and tamp down, and in the second the 
ground should be planked over to tamp 
against. In setting large dimension stones, 
such as engine beds, pier copings, column 
base stones and the like, the author allows 
for a one-inch joint to bed the Stone. He 
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then sets the stone on hardwood wedges, 
clamps it in place by the foundation bolts, 
and then tamps Portland cement mortar into 
the joint under the stone with a hardwood 
tamper or steel bar. Engines, pillow blocks, 
floor stands and heavy machinery set on a 
stone or brick foundation can be bedded 
down in the same way.—I. N. Knapp, 
Stevens Inst. Indicator. Vol. XX, No. 7, 
Jan. 1903, pp. 14-16. 


TRACTION. 


THIS paper contains a very complete in- 
vestigation of the subject of railroad-car 
braking, and gives a most 
valuable summary of the 
knowledge and data already 
obtained and an instructive statement of 
problems still unsolved. After sketching the 
practical development of brakes in railroad 
service, the author analyses the results of 
investigation of brake-shoe friction, dealing 
at some length with the Westinghouse- 
Galton tests on the London, Brighton and 
South-Coast Railway in 1878, and defining 
the requirements and limitations of brake- 
efficiency in practice. The maximum retar- 
dation which may be utilised in stopping rail- 
road-vehicles by brakes is that which is 
realised by so applying brake-shoes to the 
wheels that the resulting brake-shoe friction 
shall be uniform and just insufficient to over- 
come the constant static rail-friction. If the 
latter be overcome by the brake-shoe friction, 
the wheels slide on the rails and the co- 
efficient of rail friction immediately declines. 
Ideal efficiency would be obtained in the 
time of necessity if the brake-shoes could be 
applied to the wheels so that a retarding rail 
friction equal to one-fourth the weight of the 
train is instantly realised and continuously 
maintained throughout the stop, but there 
are many obstacles to the realisation of such 
efficiency—notably the complicated variation 
of the co-efficient of brake-shoe friction. One 
feature of the question, usually overlooked 
but considered carefully by the author, is the 
distribution of pressure upon the rails. If 
the weight of the car is not equally distri- 
buted on the wheels, the brake-shoe pressure 
must be made to differ correspondingly ; and 
as brake retardation itself causes redistribu- 
tion of the weight, there inevitably results a 
serious loss of braking efficiency unless 
means be taken to vary the brake-shve 
pressure to correspond with the changed 
wheel-pressures. The author draws atten- 
tion to the tilting effect of the momentum of 
the car body and the resulting difference in 
the pressure applied to the track through 
the front and rear wheels of the truck, and he 
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shows how to remedy this difficulty by hang- 
ing the brake-shoes at a particular angle, and 
between the wheels instead of outside. The 
paper concludes with a brief discussion of the 
peculiar characteristics of the magnetic brake, 
notably its property of actually increasing 
the rail-pressure of the wheels while leaving 
the friction of the wheel-brake unimpaired. 
—R. A. Parke, 7rans. Amer. Inst. E.E., 
Jan. 1903, pp. 29-69.—H. 


RAILWAY location is an extremely im- 
portant subject at the present time, partly 
because Canada is entering 
Some Theories an era of railroad construc- 
upon Railroad |. . . 
Location. tion unequalled in magni- 
tude by any that she has 
passed through since the completion of the 
Canadian-Pacific Railway main line, and 
partly because the critical study of railroad 
transportation has established principles 
which call for the almost complete recon- 
struction of the more important of the older 
lines. This paper contains a careful study 
of the subject, and is illustrated with several 
maps and two diagrams.—J. G. G. Kerry, 
Trans. Can. Soc. C.E., March, 1903. 


THE system of traction for railway trains 
by means of an endless rope has been known 
for a long time, this being 
the most simple and most di- 
rect method of transmission 
of motion from a stationary motor to the 
running train. This telodynamical transmis- 
sion, however, in the form generally in use— 
z.e. with one motor working at the end of the 
line, or in any other point of the track—is ap- 
plicable only to very limited distances. The 
author shows, in fact, that in a telodynamical 
transmission 30 kilometres in length the dy- 
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THE LIFE OF TRAMWAY RAILS. 
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namic power of an endless rope will be com- 
pletely exhausted by the resistance the rope 
has to overcome. Taking into account the 
influence of gravity as well as of the vzs viva, 
this limit is found to be stiil further reduced. 
The author has, therefore, tried to meet this 
drawback by working the endless rope, in- 
stead of by one sole motor, by a whole series 
of motors conveniently distributed along the 
line, transmitting directly, section per section, 
the force necessary to overcome the passive 
resistances thus fractionated. As these motors 
have to run at a velocity strictly the same, it 
is convenient to choose electro-motors ; but 
gas-motors, in connection with a_ proper 
signalising system, may as well be used. 
The ideal system would be to impart a move- 
ment of its own to every pulley the rope is 
passing over ; but it is practically sufficient to 
allow the resistances to accumulate over one 
or two kilometres, provided they do not 
assume any disturbing intensity. The losses 
of power due to the transmission are for a 
mean length of 20 kilometres of about 50 per 
cent. ; but it must be remembered that this 
power, as produced by hydro-electric or gas 
motors, is less than half as expensive as the 
power developed by locomotives. Moreover, 
this efficiency does not vary with the velocity. 
—A. Ferretti, L’Ziettricita, April 26th, 
790}, pp. 264, 265.—A. G. 


IT is important that the chemical consti- 
tution of rails should be very carefully 
specified, and the actual con- 
The Life of stituents ascertained before any 
ramway * 
Rails. rails are accepted. Samples 
should also be subjected to 
physical tests. Of the impurities most 
frequently found in rails sulphur and phos- 
phorus are the most common, and should be 
guarded against as being productive of rapid 
disintegration. The hammering and rolling 
effect of traffic should rather improve than 
deteriorate the quality of the metal, but 
wearing of the surface must still continue. 
In the case of rails laid in cast-iron chairs 
on sleepers, galvanic action must take place 
between the steel rail and the chair,and excess 
of manganese or carbon will facilitate such 
action, and shorten the life of the rail. Gal- 
vanic action does not take place to the same 
extent in tramway rails ; and the electrical 
effects, or defects caused electrically, may be 
eliminated in considering the life of rails. 
The best chemical composition of rail steel is 
stated as follows :—_ 


Carbon ... ... 45 to ‘50 per cent. 
Silicon ... ae ee | ( 
Phosphorus oe SB OB as 
Sulphur ... ‘so Bie OO os 
Manganese os | SP ee CR. . 
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From the mechanical standpoint experience 
shows that wear at the joint is such that the 
life of the joint is the measure of the life of 
the rail. In many recent street tramways 
the fish-plates are supplemented by sole 
plates, stiffening the joint to some extent; but 
investigation shows that the strength of the 
material is not fully utilised. The “anchor” 
joint has two advantages, inasmuch as the 
rail cannot “creep” or hammer the concrete; 
but still the material is not used to the best 
advantage. The figure reproduced illustrates 
an arrangement considered by the writer to 
be an improvement, consisting of a specially 
rolled channel, in which the upper inside 
surface is parallel to the upper surface of the 
rail flange. This makes it possible to use 
ordinary square-headed bolts and nuts, avoid- 
ing the necessity for rivets. The metal in 
the channel is so disposed as to give the 
greatest rigidity with the smallest amount of 
metal; it has all the advantages of the 
anchor, so far as creeping is concerned, and 
is anchored to the concrete by putting a bolt 
transversely through it.—R. P. Wilson, 
Tram. & Rly. Wid., April 9, 1903, Vol. 
A/IT, pp. 358, 359. 


THIs is a paper read before the Verein fiir 
Eisenbahnkunde. Considerable improve- 
ments have been made of 
late years in the electric 
operation of railways, the 
methods of which ought to be essentially 
different from those used in connection with 
tramways for intra-urban traffic. Besides 
some important plants on the Italian, French 
and Swiss railways, there has to be named 
the experimental electric operation of the 
Wannseebahn. The object of the latter had 
been to establish by extensive measurements 
the main principles for the management of 
such plants, and to afford a proof of the 
reliability and cost as compared with the 
steam system. The experience gained will 
afford a means of establishing for any special 
case the proper method of construction. As 
regards the management, the electric opera- 
tion of trains has been found to be entirely 
reliable and safe from disturbances. An es- 
sential advantage isthe opportunity of forming 
single-train units with independent driving- 
power, a system highly qualified for meeting 
the varying emergencies that might arise in 
the operation of suburban railways, whereas 
a similar adaptability is quite impossible in 
the case of the steam system. As regards 
the cost of operation, a cost of 6 pf. (?d.) per 
kilowatt-hour seems not to be superior to 
that of the ordinary system. By properly 
utilising the enormous adaptability of the 
electric system, much inferior costs are likely 
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to be realised. Among the additional advan- 
tages there is the absence of smoke and 
soot, as well as the fact that no noise is pro- 
duced on starting. As to the starting ac- 
celeration, a point of great importance in 
connection with suburban railways, great 
advantages are equally obtained by the 
electric system. On account of the adhering 
weight being distributed over a greater 
number of axles, the superstructure will have 
to meet much lower demands. In order to 
complete the experience gained with the 
Wannseebahn tests, it is contemplated to run 
the suburban railway, Berlin—Gross-Lichter- 
felde-Ost—by electricity, the execution of 
this plant being given to the care of the 
Union E. G. Continuous current will be 
supplied by the Schéneberg South-West 
Electricity Works by means of rails parallel 
to the track, in a manner similar to the 
system used in connection with the Wann- 
seebahn. The trains will include three four- 
axle motor carriages, the terminal cars 
containing four third-class places, a guard’s 
compartment and a luggage room ; the inter- 
mediate car, 58 second-class places; and a 
fire-place room for the steam heating of the 
train. The carriages are each provided with 
two motors, capable of being controlled from 
the guard’s place at the head of the train, and 
electric light will be employed throughout. 
The trains are, for a beginning, to be run at 
the same intervals as with the ordinary 
system, the same speed also being maintained 
so as to beable to make reliable comparisons 
between the two methods.—Bork, S¢a// 
und Eisen, April 1, 1903, p. 478.—A.G. 


IN the first part of this paper the author 
points out that locomotive builders in America 
have so reduced cost that the 


American railway companies cannot com- 
Locomotive . 
Practice. pete with them, whereas at 


home the companies meet re- 
quirements at their own works, and only 
place out contracts when demands exceed 
the capacity of their shops. American con- 
tract shops have no large demand from 
colonies as have British locomotive firms, of 
whose total work about 50 per cent. is for 
abroad. American builders, having the work 
in their own hands, can practically build 
engines to suit themselves, whereas British 
railway companies supply the contractors 
with full drawings down to the minutest 
The American system is said to 


expensive, because American locomotives 
generally are not standardised, each firm 
having its own standards for details. The 
work on contract-built American locomotives 
does not approach the standard deemed 
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necessary at home. The second part of the 
paper is entirely occupied with details of 
modern practice in America, the main differ- 
ence between American and British loco- 
motives being said to rest in the frames, for 
many of the others arise from this one. In 
the third section of the paper examples are 
given of the types of engines called into 
existence in recent years to cope with the 
continued demand for increased power. 
Double heading is not approved, and many 
lines now have engines capable of dealing 
with their heaviest trains. It is stated that, 
comparing the largest engines of the present 
day, under favourable conditions, with the 
lighter engines of the past, a decided economy 
is shown. On the other hand, favourable 
conditions, such as maximum train loads, 
are not always realised, and the large engines 
do not then maintain their advantage.— 
P. J. Cowan, Prec. Inst. C.E., Session 
1902-3. Private Press, No. 1}. 


Tuis is an illustrated description of the 
Systeme Marcher, for the traction of vehicles 
along ordinary roads by means of 
Electric power derived from overhead con- 
Traction ductors, arranged in a manner 
Rails. similar to that adopted in the case 
of tramways. Some half-dozen in- 
stallations of this kind are said to be already 
at work on the Continent, arid a dozen others 
to be in course of construction.—A. Ban= 
celin, /’Electricien, April gth, 1903, Vol. 
XXV., Ser. 2, No. 640, pp. 215-17. 


POWER AND TRANSMISSION. 
IN order to obtain all the advantages of 
the transmission of power by gas, the pro- 
ducer station should be near 
nn the field where the coal is 
by Gas. obtained, so as to reduce the 
cost of transport, and the 
size of the plant should be from 20,000 to 
30,000 h.p. As in most cases there will not 
exist in the immediate neighbourhood any 
large demand for power, or gas for heating, 
it will be necessary either to transform the 
gas into electricity, or else to transmit the 
gas itself into pipes. Of the total gas pro- 
duced 60 per cent. will probably be used 
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for heating purposes and the remainder for 
power. An advantage attending the trans- 
mission of gas is the better load-factor 
obtainable. With the moderate velocity of 
30 ft. per second a transmission length of 
nearly 80 miles could be reached, with a 
pressure of 44 lbs. per sq. in. and an efficiency 
of nearly 90 per cent. A main 4 ft. diameter 
would under these conditions transmit nearly 
57,000 h.p. The gas should be led to sub- 
stations from which mains would distribute 
it to customers at low pressure. At these 
stations there would be placed large gas 
engines for the production of current at 5,000 
to 15,000 volts, according to local require- 
ments. Current for lighting and traction 
would be furnished from converters at suit- 
able points, and manufacturers could. be 
supplied either with polyphase current at 
reduced tension, or with continuous current. 
The greatest objection to the transmission 
of gas under pressure appears to be a doubt 
whether a sufficiently gas-tight joint could 
be obtained ; but modern engineering should 
be quite capable of making a joint in which 
the leak should not exceed one-tenth of 
I per cent. per mile. An important matter 
arising out of the general use of gaseous 
fuel is that a complete solution of the smoke 
problem would be furnished. The use of 
such fuel would save from one-third to one- 
half of the total coal and add to the comfort 
and happiness of every individual.—F. W. 
Burstall, im. Sec. E£.E., Meeting March 


25th, 1903. 


WATER. 
THE dam described impounds water for 
an estate in New Jersey, and it was decided 
that a rock-fill structure, backed 


A Small i ‘ : 
Rock With earth on the water side, 
am. was the most expedient. Further, 


it was estimated that the cost of 
such a dam would be less than one-third the 
cost of a masonry dam of equal size. In 
commencing the dam proper the brook was 
allowed to follow its natural course until the 
rock-fill began to dam it up, when the water 
was passed through pipes. The work could 
thus be carried on from beginning to end in 
a dry state without the use of coffer dams or 
other falsework. The rock-fill 
was of stone, simply dumped on 
the work. Care was taken to 
build up the wall in horizontal 
layers and to use enough small 
stones to fill the voids as far as 
possible. All stones were care- 
fully cleaned before being put 
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A SMALL ROCK-FILL DAMes 





into the wall, and all smooth 
stones were rejected. The best 
shaped stones were reserved for 
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the two faces, which were packed by hand, 
about 5 ft. thick on the downstream face, 
and on the upstream face from 5 ft. at the 
crest to Io ft. at the toe. This packing was 
intended to help make the dam watertight, 
and to permit overflow without material 
injury. The earth-fill consisted almost en- 
tirely of clay, and was carried up in hori- 
zontal layers, each about 6 ins. thick, and 
each layer was well watered and rolled. At 
the east end of the crest a rubble abutment 
was built, and a light steel bridge extended 
to the top of the gate house. The main 
dimensions of the dam are :—length on crest 
235 ft., height at centre 20 ft., total width of 
crest 15 ft. The contract price was $8,700. 
—H. de B. Parsons, Proc. Am. Soc. C.E., 
March 1903, Vol. XX1IX., No. 3, pp. 256-63. 


THE Chenab Canal was developed from a 
small inundation scheme to irrigate part of 
the Rechna Doab into a large 


Rosens perennial canal, which will event- 
Irrigation yally command the entire tract 
Punjab. between the Ravi and Chenab 


rivers. This is one of the latest 
irrigation schemes in India, which will open 
an immense tract of waste crown land to 
cultivation. The author explains the manner 
in which the waste land has been blocked 
out and levelled so as to obtain an accurate 
contour map, and describes various works 
carried out by the canal engineer for trans- 
formation of the region into a settled com- 
munity. Among other matters discussed in 
the paper are: the principles applied in align- 
ing and grading all the channels of this vast 
system and of the calculation of their capa- 
cities ; the system of water distribution both 
in the Government channels and the village 
watercourses ; the duty of the water and the 
manner in which it was calculated both for 
the main and distributing canals ; and the pre- 
cautions necessary for guarding against over- 
irrigation and consequent damage to the soil. 
—S. Preston, Proc. /nst. C.E., Session 
1902-3, No. rz. Paper read March Io, 1903. 


BATTERIES, ACCUMULATORS, 
AND ELECTRO-CHEMISTRY. 
Two patents have been granted to Mr. 
Edison upon an improved electrode for his 
storage battery, wherein an 
Improvements alkaline electrode is used 
| Pincay with insoluble active ma- 
Battery. terials. One patent is in- 
tended to obviate the bulg- 
ing of the electrode by the swelling of the 
active material, when immersed in the elec- 
trolyte and subjected to a charging current. 
To overcome this difficulty, the receptacle is 
made with concave faces when the electrode 
is first assembled. The swelling of the active 
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material then does not bulge the electrode 
objectionably. The second patent covers a 
method of securing better electrical contact 
between the particles of active material of 
the iron element in the nickel-iron storage 
battery. In this patent a combination of 
mercury, and one or more other readily 
reducible metals, such as copper, is claimed 
specifically.— Elec. Rev. (N. Y.), April 25, 
1903, Vol. XLII, No. 17, p. 509. 


A FEW years ago the impression prevailed 
to some extent that underground mains 
made of Scotch iron were im- 
mune from electrolysis, owing 
to a thin silicious compound, 
of the nature of glass, found on the surface 
of the pipes. Prof. Sheldon has stated that 
this coating is extremely thin and contains 
perforations. Such a condition is a good 
reason for the earlier rupture of a main, since 
if the corrosion were more evenly distributed 
over the surface, as at the perforations, or 
spots, where there is no coating, action will 
naturally localise, and the iron be penetrated 
more rapidly. The lengths of pipes, while 
being handled, are often rolled over other 
lengths or hard substances, and this may 
cause a removal of the coating, and the con- 
sequent localisation of electrolytic action, 
which follows the line of the bare iron. .-The 
absence of frequent failures of mains from 
this cause should not be taken as evidence 
that electrolysis does not exist ; its progress 
may be slow, and will not be discovered 
unless looked for. A main may be nearly 
ruined by electrolytic action, but owing to 
the pressure of surrounding soil, will hold to- 
gether, and not reveal its state through final 
bursting for a long time. The only complete 
solution for electrolytic corrosion of under- 
ground metals by railway currents, is what 
is commonly known as the double trolley.— 
A. A. Knudson, Proc. Am. Electro-Chem. 
Soc. Meeting held April, 1903. 


THE author deals with the Luckow pro- 
cess of preparing insoluble or hardly soluble 
deposits by electrolysis. 
In this process an elec- 
trolyte including, in 
addition to the salt 
with the desired acid 
radical, another indifferent salt is used in 
connection with anodes of the desired metal, 
the acid radical of which will form with the 
metal of the anode a readily soluble com- 
pound. A case recently investigated by Le 
Blanc and Bindschedler was the prepara- 
tion of chrome yellow with lead electrodes 
immersed in a solution of potassium 
chromate and potassium chlorate, when 
lead chromate would easily be formed, 


Corrosion by 
Electrolysis. 


Formation of 
Insoluble Deposits 
in Electrolysis with 
Soluble Anodes. 
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without any deposit settling on the anode, 
as long as the concentration of the chromate 
ions was small as compared with that of the 
chlorate ions, whereas for increasing con- 
centrations of the chromate ions, disturbing 
secondary phenomena would gradually be 
noted, the deposit adhering more and more 
closely to the anode, lead peroxide being 
formed and the current efficiency being 
lowered. Now, the following explanation of 
this striking fact is found to be true: Lead 
ions will be evolved at the anode, uniting 
with the chromate ions in the immediate 
neighbourhood of the latter. In the case 
of high concentrations of the chromate ions, 
those consumed may readily be supplied by 
migration, the chromate deposit thus being 
capable of adhering to the anode, whereas 
in the case of the concentration of the 
chromate ions being low, those present will 
rapidly be consumed, without any adequate 
supply taking place. The thin layer of 
chromate and peroxide will therefore rapidly 
be destroyed, lead ions accumulating instead 
of chromateions. The author next tests some 
devices for unipolar conduction in connection 
with the above process, a noticeable condenser 
effect being observed only in the case of valve 
cells with aluminium anodes. Pure ceruse, 
for the production of which the process was 
originally devised, is found to be obtained 
only within a limited range of concentration 
of the carbonic acid contained in the electro- 
lyte.—A. Isenburg, Zeitschrift fiir Elek- 
trochemte, April 9, 1903, pp. 275-83.—A. G. 


WHEN electrolising a solution of a metal 
compound in connection with a mercury 
cathode the corresponding 
Electrolytical amalgam will be obtained, 
sees for this method being applic- 
aining 
Metal Powders. able even to such metals as 
are commonly regarded as 
unamalgamisable, e.g. platinum and iron. By 
a suitable arrangement the author has suc- 
ceeded in preparing even aluminium, sodium, 
potassium, etc., amalgams which are decom- 
posed by water. These amalgams are spongy 
substances, filled with mercyry particles, their 
specific weight being intermediary between 
those of mercury and the corresponding 
metal. If the cathode vessel has a permeable 
bottom the amalgam will get on to the sur- 
face, where it may be easily taken off ; if the 
bath contains several metals it will depend 
upon the current density which is deposited. 
The amalgam desired may therefore be elec- 
trolytically purified, not only from unamal- 
gamisable bodies, but from any other metals. 
On strongly compressing in linen bags the 
amalgam thus cheaply obtained nearly 
pure mercury is drawn off, the amalgam 
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being partially decomposed ; a substance 
easily pulverised will remain, made up of 
amalgam and metal powder. If this mass 
be subjected to distillation at a temperature 
inferior to the melting-point of the amalgam 
the mercury will separate from the metal 
(especially in the case of iron and related 
metals), the latter remaining in a spongious, 
friable condition, so as to be pounded to an 
extremely fine powder in a mortar. When 
choosing convenient atmospheres for this 
distillation, various metal compounds may be 
obtained. Distilling iron amalgam in a redu- 
cent medium will, for instance, give pyrophoric 
iron, which by convenient treatment may be 
converted into common iron. Oxidising 
mediums will yield some hitherto unknown 
iron oxides and protoxides. An investigation 
of Edison’s accumulator had suggested this 
process, which was originally intended for 
obtaining ferro-oxide in an expedient way.— 
A.Zamboni, Flettricita, No. 4,1903.—A.U. 


AFTER referring to some characteristics of 
the well-known Ruhmkorff coil, the author 
says that the advantages 
The pen prey of a rapid separation of 
Coil and recen is . union . 
Rapid OF ell vibrator contacts being 
clearly established, in- 
ventors have lately turned their attention in 
this direction. Recent interrupters are, in 
fact, so rapid in action that their name has 
been shortened to rupteurs. Some of these 
devices are described in this article. The 
“ Rupteur Atonique,” of M. Carpentier, de- 
rives its name from the slender vibrator 
tongue, which, being of soft iron, has little 
elasticity, and takes a movement that is 
totally non-periodic. The break is very 
quick, and the spark is always produced at 
a uniform interval after the opening of the 
primary. The ‘‘Chauvin et Guerre Inter- 
rupteur” is chiefly intended for electric 
ignition coils of internal combustion engines. 
One fault of many vibrators is that they do 
not give a sufficient number of sparks per 
second. Spirit motors are limited to about 
1,200 revolutions per minute owing to this 
cause. MM. Chauvin and Guerre have now 
introduced an interrupter giving 436 breaks 
per second, instead of 80 to 85, as hitherto ; 
therefore the speed of small spirit motors 
could be increased, if necessary, to 5,000 
revolutions per minute. The vibrating tongue 
in their device is of magnetised steel, and its 
mass is reduced to a minimum. The char- 
acteristic of their apparatus is the sudden 
arrest in the movement of one of two pieces 
of the interrupter, the two parts simul- 
taneously separating almost at the same 
instant. One other example, the “ Rupteur 
Many,” is adaptable to coils of any descrip- 
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tion, and this appliance is 
characterised by the employ- 
ment of a balancer accompany- 
ing the vibrator tongue, the 
balancer being arrested by 
striking one end against a part 


2/ 


of the frame. Referring, in > 
conclusion, to the advantages ‘*,, 
of rapid interrupters, the writer é 
remarks that when the parts of ¢ 8 
a vibrator are in contact the > 


current established rapidly ac- 
quires its full normal value. If 
the break does not immediately 
follow, the current that continues 
is pure loss, heating the contacts 
and wasting the energy of the 
accumulators. In automobiles 
economy of such energy is 
very necessary, and the great 
advantage of rapid interruption may be 
further realised by considering the increase 
of power that might be obtained if “mis-fires” 
were eliminated from the action of ignition 
apparatus. — M. Aliamet, Zl’ £/ectricien, 
April 4, 1903, Vol. XXV., Ser. 2, No. 640, 
pp. 209-12. 
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PRIME MOVERS. 


SINCE 1895 the inventions of Mr. Curtis, 
of New York, have been the subject of in- 
vestigation at Schenectady, 
the object being to estab- 
lish data and laws which 
would form the basis for the correct design 
of the Curtis turbine for practical use. 
About two years ago the results of these 
experiments gave data showing great com- 
mercial possibilities, and contracts for these 
machines now aggregate 230,000 h.p. in 
turbine-driven electric generating plant, the 
largest size so far built being of 7,500 h.p. 
Very little information concerning the great 
industry thus brought into existence has 
reached the public, and the present paper 
is the first printed matter which has appeared 
on the subject. The Curtis turbine retains 
some of the features of its predecessors, but 
introduces new ideas which make possible a 
much lower speed, less weight, fewer and 
simpler parts, higher economy, less cost, and 
other important advantages. Its functions 
may be thus briefly described. Velocity is 
imparted to the steam in an expanding 
nozzle, converting nearly all the expanding 
force. Steam passes from the nozzle through 
two or more lines of vanes on the moving 
element, placed alternately with reversed 
vanes on the stationary element. The 
velocity acquired in the nozzle is fraction- 
ally abstracted and largely given up to the 
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THE CURTIS STEAM TURBINE. 


moving element. Steam is first thrown 
against one set of vanes, and then rebounds 
from moving to stationary vanes until it is 
brought nearly to rest. By these means a 
high steam velocity imparts motion to a 
comparatively slow-moving element. ‘The 


* process of expansion in nozzle and abstrac- 


tion of velocity by impact is generally 
repeated two or more times, the devices for 
each repetition being called a stage. There 
may be several stages and seweral lines of 
vanes in each stage, the numbers being 
governed by the degree of expansion, the 
desired or practical peripheral velocity, and 
by various conditions of expediency. Govern- 
ing is effected by the successive closing of 
nozzles, and the consequent narrowing of 
the active steam belt. The most important 
advantage claimed for this machine is the 
high steam economy afforded under average 
conditions. Several curves are given by the 
author, one of which we reproduce. It is 
stated that a 5,000-k.w. unit will shortly be 
put into operation in Chicago. This machine 
is expected to give considerably better steam 
economies than are shown by the 600-k.w. 
machine from which the above-mentioned 
curves were obtained.—W. L. R. Emmet, 
Street Rly. Jul., April 11, 1903, Vol. XXT, 
No. 15, pp. 564-68. 


THIS communication is the translation of 
an article contributed by G. Schwarz to the 
Zeitschrift des Vereins 
Deutscher Ingenieure. It 
is a mathematical investi- 
gation, leading up to 
equations indicating all 
single moments, and with these moments 
can be found all bending stresses, which, in 
connection with the tensile and compressive 
stresses of the piston force, form the total 
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stress on the frames. It is also important to 
find the stress on the connection bolts at the 
cylinder and bed-plate ends of the frames 
respectively. In addition to the stress from 
the piston force, the bending moments pro- 
duce stress on the bolts, the latter stress 
being sometimes greater than the former.— 
John H. F. Meyer, /n/. Am. Soc. Nav. 
Archts , Vol. XV., No. 1, pp. 19-38. 


ONLY when overheating takes place is 
attention generally given to this question. 
The usual explanation is 
Geengy Condenca- that grease is a bad con- 
Boiler Feed. ductor of heat, but even 
; a film of considerable 
thickness could not offer such resistance to 
the } assage of heat as to cause overheating. 
In the author’s opinion, the explanation is 
not that grease is a bad conductor of heat, 
nor that it undergoes physical or chemical 
change, but that it prevents cohesion between 
the water and the plate, and so destroys the 
emissive power of the plate. Grease may 
be prevented from entering a boiler by 
separating it from the exhaust steam or 
from the condensation water. Where high 
pressures are used the oil is volatilised, and 
no exhaust steam separator can remove 
absolutely all oil from the steam. The 
emulsified oik contained in the condensa- 
tion water from high-speed enclosed type 
engines cannot be separated by any form 
of mechanical filter. Examination shows 
that the oily particles are in the form of 
globules, about yseyasth of an inch diameter, 
and their absolute removal can only be 
obtained by the use of a coagulant, and sub- 
sequent filtration—W. Paterson, 77vans. 
Jr. Inst. E., Meeting held April 3, 1903. 


THIS paper deals with the subject on the 
broadest possible lines, and treats of the 
circulation of all the fluids 
connected with the working 
of shell boilers and with the 
heat generated. The boiler problem consists 
in catching as much as possible of the heat 
generated through the circulation of air 
among the burning coal as the flame and 
hot gases pass through the boiler flues, and 
in transferring as much of it as possible to 
the inside of the boiler, there to produce 
other forms of circulation: (1) the circula- 
tion of the water in the boiler; and (2) the 
production of steam, and its circulation from 
the boiler through pipes to the engine. A 
very high temperature is produced at the 
point of combination of oxygen contained in 
the air with carbon and hydrogen in the 
coal, and as a result particles of carbon 
become heated to incandescence; and a 
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large quantity of the energy thus generated 
is liberated as radiant heat, and gets trans- 
ferred to water on the other side of the 
flue-tube plates, there to inaugurate circula- 
tion of water and gas within the boiler. The 
problem is then discussed whether a greater 
amount of heat can be caused to penetrate 
a boiler by allowing the flame to play directly 
on the plate, or by allowing it to produce to 
some extent an incandescent surface, and 
thus to liberate some of its energy as radiated 
heat. Considerable quantities of uncon- 
sumed gases in boiler furnace may be readily 
determined by the Orsat apparatus, which, 
the author believes, is too little used by 
engineers in this country, for its constant 
employment would enable them to determine 
the most economical degree of circulation of 
air through the furnaces and flues of boilers. 
If a much greater quantity of air be circu- 
lated through the flues than that necessary 
to produce complete combustion of the fuel, 
it is evident that a much larger quantity of 
the inert gas nitrogen and unnecessary 
oxygen will be heated up to a high tempera- 
ture, and the initial temperature of the com- 
bustion will thus be lower than it should be, 
and, as stated before, the heat generated at 
the lower initial temperature will not pass or 
circulate in such quantities into the boiler ; 
and as all the air and gases which pass 
through the flue tubes of the boiler must 
necessarily be at a lower temperature than 
would be the case if not much more than 
the exact quantity of air required for the 
combustion of the coal be used, it is obvious 
that a correspondingly less quantity of the 
total heat will pass into the boiler. An 
ingenious apparatus is in use in Germany, 
invented by Arndt, called the “Ados” 
Automatic CO, Recorder. It is said that 
upwards of four hundred of these instru- 
ments are in use in Germany, and about 
twenty in this country, which automatically 
take in and analyse the flue gases, and record 
the results of the analyses in percentages of 
carbon dioxide by lines of greater or lesser 
length every few minutes. Flue gases should 
contain from 13 to 18 per cent. of CO,, with- 
out CO or free hydrogen or hydrocarbons ; 
but the percentage of CO, forms a very fair 
criterion of the velocity of air circulation 
through the furnace. In many cases the 
author has found in flue gases not more than 
5 or 6 per cent. of CO,, and in some only 
14 to 2 percent. For the benefit of those 
who have not previously worked the Orsat 
apparatus, the author gives a full description 
of it in an appendix. If the average pro- 
portion of carbon dioxide in the flue gases 
be known, and the percentage of carbon in 
the coal and weight of coal burned in a given 
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time be known, the velocity of the circula- 
tion of the air through the flue may be 
readily calculated ; and if the average tem- 
perature of the flue gases leaving the boiler 
be determined, the total loss of heat may be 
calculated. An apparatus, devised in its 
original form by Edward Makin, has shown 
itself capable of greatly increasing both the 
circulation and combustion of the gases in 
the flue, also of the circulation of the water 
in the boiler, and effecting great economy in 
coal. The apparatus consists of cones, five 
of which are usually fixed in each flue of a 
Lancashire boiler behind the firebridge. 
They are thus set in the flue on the injector 
principle. A large volume of flame passes 
through the centres of the cones, and part 
sweeps round the sides, with the result that 
all the sides of the conesactas heating surfaces 
to the water contained. The action of these 
appliances on the circulation of air through 
the flue is most remarkable, as the lower 
strata of unconsumed air are again drawn 
into the columns of flame passing along the 
centres. They have the further remarkable 
effect of increasing the circulation of air 
generally through the flue. Again, so great 
is the water circulation produced by these 
cones that firing may be vigorously carried 
on when the boiler is filled with cold water, 
the top and bottom of the boiler becoming 
simultaneously equally heated.—William 
Thomson, /7rans. inst. Engin. and 
Shipbldrs. in Scotland, Vol. XLVI. part 3, 


Jan. 190}, pp. 14-34. 


LIGHTING, HEATING, 
and VENTILATION. 
IN considering standards of light, it is seen 
that three distinct types are necessary : (1) 
the absolute standard: (2) 
A Preliminary a secondary stan- 
| cay, nt dard carefully com- 
of Light. pared with the 
absolute standard 
and preserved in a few of the 
principal laboratories throughout the 
world: (3) a commercial standard, 
the accuracy of which will depend 
on the requirements. A standard of 
the first type should be both constant 
and reproducible, whereas standards 
of the second and third types need 
not necessarily be reproducible. 
With regard to the first and third 
class standards the problem, for the 
present at least, is satisfactorily 


solved. The author therefore turns 
to the second class and considers 
what are the requirements, and in 
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electric lamp may be made to show practic- 
ally no variation, during, say, one hour, but 
in the course of a few days the light will 
steadily diminish. A Hefner lamp will vary 
slightly from minute to minute, and from day 
to day, but notwithstanding this, keep for 
years within a few per cent. of the mean value. 
For a satisfactory secondary standard both 
defects must be avoided, and both qualities 
secured. For the purpose in view the 
incandescent standard, depending on the 
constancy of the emissivity of the radiating 
surface and on the constancy of the tempera- 
ture at which it is maintained, seems to 
promise the most satisfactory results. In 
the choice of a radiating body we are guiced 
by two considerations : (1) it must be cap- 
able of withstanding a temperature of at 
least 1,600 deg. Cent., without fusing or 
oxidising ; (2) its coefficient of emissivity 
must remain unaltered. Finally, an electric 
current being the most convenient means of 
providing the necessary heat, it is desirable 
that the radiating body should be an electric 
conductor. Choice is consequently limited 
almost exclusively to platinum, rhodium, 
iridium, or their alloys. Leaving for later 
consideration the final choice between these 
three metals the author turns to the question 
of temperature regulation, and concludes 
that the only choice is to effect regulation by 
measuring the relative intensity of the 
radiation of two different wave-lengths. In- 
vestigation shows that glass and black 
fluorspar may be used to analyse the 
radiation, and the author arrives at the 
conclusion that “if two thermopiles, one 
measuring the radiation through glass, the 
other the radiation through black fluorspar, 
are connected in opposition, there will be a 
critical temperature at which the resulting 

















what manner they may best be 
fulfilled. 


By careful regulation an 





A PRELIMINARY STUDY FOR A NEW STANDARD OF LIGHT. 














564 


galvanometer deflection will be zero. The 
actual temperature at which this occurs will 
depend on the relative thickness of the 
plates and on the relative distances of the 
thermopiles, but for a given disposition of 
the apparatus it will be always the same.” 
The disposition of the apparatus arranged in 
accordance with this conclusion is shown in 
the diagram here reproduced, and the author 
believes that there is still a place which can 
only properly be filled by a light of the type 
described.—J. E. Petavel, £/ectricien, 
April 10, 1903, pp. 1012-1015. 


IN a power and hot-water heating plant 
recently installed by the writer an unique 
feature is that the hot gases from 
A Gas the gas-engine are used todo a part 
eee. of the heating of the building, by 
Plant. passing them through a return-tube 
water heater of the condenser type. 
This heater is situated at a suitable level so 
that the return pipes from the hot-water 
system enter the lower side of the heater, 
while the flow-pipes rise from the upper side 
in the usual manner. The amount of heat 
transferred to the hot-water is controlled by 
two valves, one leading directly into the 
chimney from the gas engine, and another 
attached to the heater. If no heat at all is 
required in the building, the gases are 
allowed to escape directly into the chimney. 
—W. O. Webber, Zhe Engineer (N.Y.), 
April 15, 1903, p. 302. 


DYNAMOS, MOTORS, Etc. 
OF the two standard systems, the three- 
phase and the direct-current, it is largely a 
matter of opinion as to which 

Three-phase will give the best all-round 
pon ey the results in any given case. 
Workshops. The most strenuous advo- 
cates of direct-current work- 

ing for all classes of work are, as a rule, 
those whose actual experience in polyphase 
work is practically nil, while the strongest 
supporters of three-phase working are apt to 
lay too much stress on commutator troubles, 
which may arise with all classes of direct- 
current machinery. If each case is decided 
on its merits the three-phase installation will 
be found preferable, because of its greater 
simplicity, flexibility, and reliability, it being 
at the same time cheaper to instal and to 
maintain. And it appears to greater advan- 
tage in these respects as the severity of the 
work increases. The question of economical 
speed regulation over a wide range is, how- 
ever, the weak point of the three-phase 
motor. The three-phase motor, with per- 
manently short-circuited rotor, is, except 
with regard to starting performance, an ideal 
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form of motor to employ for all work requir- 
ing constant speed. For certain classes of 
work, in which the motor has to operate in a 
more or less inflammable atmosphere, it is 
the only type of electric motor that can be 
used with absolute safety. However started, 
this type takes a very large current at start- 
ing at a very low power factor, compared 
with a motor of the slip-ring type. For this 
reason such motors can in general only be 
used in small sizes if they have to be started 
with full-load torque, on account of the 
effects which the large starting current pro- 
duces on the pressure regulation of the 
supply system. Motors of the slip-ring type 
start with a torque equal to that at full load, 
with a starting current a little in excess of 
the full load-running current. Such motors 
could be specially wound for much greater 
starting torques; but when the starting torque 
exceeds twice the full-load torque their run- 
ning performance is not quite so good. The 
starting performance of three-phase motors 
of. the slip-ring type, compared with that of 
direct-current motors, is illustrated in the 
figure here reproduced. As will be seen, the 
performance of the three-phase motor is 
practically as good as that of either of the 
direct-current motors up to a torque corre- 
sponding to that at full load; but at the 
highest torques the series motor is the most 
economical of the three, there being, how- 
ever, but a small difference between the 
performance of the three-phase motor and 
that of the shunt-wound motor. In conclu- 
sion, the author lays stress on the following 
points connected with a three-phase instal- 
lation for power purposes :—-(1) The first 
requirement of the generators used for this 
class of work is that the pressure regulation 
should be satisfactory. (2) The power factor 
of the motors should be as high as possible 
over a wide range of load. (3) The efficiency 
curve of the motors over the working range 
of load should be as flat as possible. (4) A 
proper starting performance of the motor 
should be insisted upon.—A,. C. Eborall, 
Jnl. Soc. Arts, April 3, 1903, Vol. LI., No. 
2,628, pp. 464-85. 

IN order to vary the speed of an electric 


motor, either the excitation or the effective 
voltage must be varied. With 


Speed fixed excitation, speed is propor- 
aaa of tional to voltage at the brushes, 
Electri . B 

enn and with fixed voltage at the 


brushes it is inversely propor- 
tional to the degree of excitation. Speed 
cannot, for practical purposes, be reduced by 
varying excitation from the normal, but it 
can be increased to an extent dependent 
upon various conditions. In order to reduce 








ee ee 

















Sn ee 








Engineering Abstracts. 


speed the voltage at the brushes must be 
reduced. This may be accomplished by the 
use of resistance coils, or of a motor-genera- 
tor, and if the amount of reduction of voltage 
is to be. varied, then the motor-generator 
must have a variable ratio of transformation. 
The reduction of speed by means of resis- 
tance in series with the armature is objection- 
able, and the method of reducing speed by a 
motor-generator involves increased first cost, 
loss of workshop space, and reduction of effi- 
ciency. The employment of a shunt motor 
with rheostat in the shunt circuit gives vari- 
able speed without drawbacks, and in this 
paper the author examines this method, its 
governing conditions, and the limiting factors 
to which it is subject. The variable shunt 
motor possesses a speed variable at will 
through a limited range, with any desired 
fineness of gradation from two or three steps 
to a perfectly smooth and regular gradation 
from the highest to the lowest speed without 
loss of efficilency.—_W. B. Sayers, 77vans. 
Inst. Eng. and Shpbldrs. (Scotland), March, 
1903, Vol. XLVI., Part VI., pp. 43-64. 


IRON AND STEEL. 


HAVING given a résumé of the history 
of the heat-treatment of white iron castings, 
the author states some facts 
Firensth of regarding the converted metal 
Castings as Which results. In early experi- 
Influenced ments a vast difference was 
by Heat- fi d ° 1} it a Ms 
Treatment. found in white irons, some 
remaining white and hard after 
many days’ soaking in the annealing furnace, 
while other specimens yielded readily to the 
heat-treatment. Analyses of the different 
samples showed that this difference depended 
almost entirely upon the presence or absence 
of silicon. A number of tests on bars have 
been made giving tensile strengths ranging 
between 40,000 lbs. and 50,000 lbs. per sq. in., 
but manufacturers equipped for making 
converted castings in this way have obtained 
much higher records. The following ana- 
lyses before and after annealing, given by 
Mr. James in the Journal of the Franklin 
Institute for September, 1900, show that the 
only change effected by the heat treatment 
is in the condition of the carbon : 


cc cca Sh. Me. S&S. F. 
Before annealing 2°60 °72 °*7I ‘IIO ‘045 °039 
After annealing ‘82 2°75 °73 ‘108 ‘040 ‘039 


Mr. James states that both silicon and 
manganese exert great influence upon the 
carbon during annealing, but the author does 
not think this to be the case. With regard 
to chilled cast-iron car-wheels, it seems to the 
author likely that when the silicon exceeds a 


565 


certain percentage, the heating action of the 
brakes may cause annealing of the white 
iron tread, thus changing the condition of the 
carbon and causing the chilled tread to 
become much softer than it would be when 
the metal contains less silicon. Although 
it is a misnomer to designate as “steel,” 
castings made from white iron changed to 
gray iron by heat treatment and subsequently 
hardened on cutting edges, such castings are 
very different from true malleable iron cast- 
ings, or from ordinary gray iron castings. 
It is much easier to make perfectly white 
iron castings from metal low in silicon, but 
such metal is unsuitable for subsequent con- 
version by heat treatment into gray iron. 
Some makers of malleable castings now 
modify their old methods, and practically rely 
upon heat treatment to anneal their castings, 
without placing them in oxidising material as 
formerly to remove the carbon; but such 
treatment does not and cannot make true 
malleable iron castings. If the false name 
“ steel” were eliminated a distinct advantage 
would be gained, for the new metal is worthy 
of taking a special place in the metallurgical 
arts, and extended applications of the process 
may be expected as knowledge of the proper 
methods of heat treatment and the valuable 
properties of the metal shall become better 
known and appreciated.—A. E. Outer- 
bridge, Jr., /n/. Franklin Inst., April 1903, 
Vol. CLV., No. 4, pp. 289-300. 


PARTS 1 and 2.0f the authors’ researches 
on this subject appeared three years ago. 
The present part deals with : 
Magnetic and (4) alloys of iron which have 
Properties of been found to be non- mag- 
= of netic, or nearly so, even in 
5 strong magnetic fields; (A) 
alloys of iron, which, within a certain range 
of magnetic field, have been found to be more 
magnetic than the purest iron obtainable 
in commerce. In a note added to the paper, 
it is stated that experiments with a ring of 
the aluminium-iron alloy (only recently ob- 
tained) did not give such good results as the 
rod with which the determinations given in 
the paper were made. It is desirable to 
draw attention to this fluctuation in the mag- 
netic character of the aluminium alloy, for 
samples of aluminium with alloy may be 
placed on the market which may be found 
not to give the high magnetic quality proved 
to exist in the particular specimen first 
tested by the authors. Careful investigation 
is now being made with a view to the dis- 
covery of the cause of this anomaly.— 
W. F. Barrett, W. Brown, and R. 
A. Hadfield, Roy. Dub. Soc. Trans., 
Ser. 2, Vol. 8, 1902, pp. 1-22. 
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THIS subject is considered by the writer 
from the standpoint of the relation between 
the brake-shoe and the 
cast-iron wheel, and while 
the design and construc- 
tion of brake-shoes is fully 
discussed, practically 
nothing is said upon the manufacture of 
modern car-wheels themselves. Observa- 
tion has convinced the writer that the most 
desirable metal to use in the brake-shoe is 
unchilled cast-iron. The efforts of manu- 
facturers have always been directed toward 
maintaining as much as possible the grinding 
effect and rolling action between the shoe- 
face and the wheel, which is only possible 
with a large proportion of unchilled cast-iron 
in the shoe-face. It is thought impossible 
that a hard spot on the face of an ordinary 
brake-shoe should cut into the tread of a 
well-made cast-iron wheel, with a good, 
strong chill where the shoe acts, because the 
smaller body of the shoe must become more 
highly heated than the larger volume of the 
wheel, and hence any hard spot would be 
destroyed by heat before the chilled metal in 
the wheel could be cut. Indirectly the brake- 
shoe may affect a cast-iron wheel to such an 
extent as to make its removal necessary. 
The chilled-iron does not absorb or conduct 
heat readily, and this condition produces the 
tendency for the wheel to crack. Cracks in 
chilled iron brake-shoes result in total frac- 
ture, and makers have resorted to steel-plate 
reinforcement to anchor the cast-iron body 
to the back. The brake-shoe to meet to- 
day’s requirements has a steel back, and is a 
success regardless of the fact that the extra 
durability for wear required by railroad 
officials necessitates the use of iron, which 
is sure to be cracked under the conditions 
of modern service. Should a truck be out 
of square and a wheel be forced against the 
rail on one side, the flange of the wheel may 


Cast-Iron Wheels 
to meet the 

Requirements of 
the Present Lay. 


x years 


w 


GY Yj 
Vii YL 
YY 


A 


LUPE Yy 
ZY 
fff 


Sinking Fund ec 





Feilden’s Magazine. 


become highly heated, while the outer tread 
is comparatively cool. It is this continual 
change of conditions—first on one side of the 
wheel and then on the other, aggravated by 
blows on top and against the side —that 
causes circumferential cracks, and causes 
flanges to be broken off. Again, too hard 
application of the brake checks the motion 
of the wheel, causing it to slide upon the 
rail, thus generating intense heat, which 
destroys the chill and produces cracks. The 
demands of modern service call for heavier 
and stronger wheels ; but makers are said to 
be seriously handicapped by the limitations 
of track conditions and car design. Cast- 
iron wheels cannot be reinforced in the same 
manner as the brake-shoe, and makers can 
only add more weight in the rim and plate, 
and improve the quality of the metal. The 
records of tests on cast-iron wheels indicated 
that the cast-iron wheel of to-day is equal to 
the increased demand when the braking load 
is based on the light weight of the car. What 
will happen with the load based on the total 
weight of the loaded car is a question yet to 
be decided. In conclusion, the writer says 
that the use of a flanged brake-shoe, bear- 
ing on the wheel tread and flange, would 
materially assist the successful operation of 
the best cast-iron wheel that can be made. 
F.W. Sargent, Street Rly. Journ., Vol. XX, 
No. 4, pp. 142-45. 


WORKS MANAGEMENT. 
IN the accompanying diagram the parallel 
lines represent interest, wages, and standing 
charges. Aboveis the line drawn 
Sinking to represent the usual depreciation. 
Fund : . . ‘ 
Charges. Higher still the main curve starts 
at a point above total charges, 
intended to represent expected surplus, and 
no business should start unless it expects a 
surplus. Assuming a hypothetical case of a 
plant worked at its utmost capacity, the 
upper curve may be 
taken to represent the 
earning capacity of the 
plant in a course of 
| ’ years. Profits are 
shown by the shaded 
, portion. In x years 
y this curve has dropped 
W to the sinking fund 
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of falling revenue. But the business still pays 
wages and standing expenses and interest. 
Interest may be extinguished any time by pay- 
ment of the principal out of the accumulated 
sinking fund. This, of course, depends on 
financial arrangements, or on the relative 
interest paid for loans and earned by the 
sinking fund. Fora further period of y years 
the business will run, and may still be run 
with advantage to the wage-earners and the 
locality and community in ‘general. But 
beyond this time, at s years, the shaded 
portion # represents loss and final bank- 
ruptcy. In a permanent trade, of course, 
prudent management begins to forecast 
matters after x years, has new works in 
running order in y years, and has sold the 
old scrap before much or any of the shaded 
area #2 has been developed. Such rigid lines 
cannot, of course, be laid out in fact, but 
the underlying principles must be adhered 
to if continued success is to be secured.— 
W. H. Booth, Zram. & Rly. Wid, 


April 9, 1903, Pp. 349-53- 


In this paper the author deals more with 
those features of management and organisa- 
tion, without which the finest 

aos the Outfit is of little value, than 
Modern Shop. With tools and gauges them- 
selves. It is common talk to 

hear about labour-saving machines, but too 
little is heard about labour-saving tools and 
gauges. Very often, where new plant has 
been put in, indifferent results only are at- 
tained, largely for the reason that there is 
not a thorough understanding on the part of 
both masters and men of the vast difference 
between the tool and gauge equipment in the 
old and the modern shop. Under the old 
system results depend mainly on the skill 
of the man ; under the new, on the design, 
setting, and condition of the tools. To make 
clear the difference between the old and new 
tool and gauge outfit, the author gives a series 
of illustrations contrasting the tools used in 
ordinary practice under the two methods. 
Again, the new method requires a new 
organisation. Separate departments mean 
new systems of cost-keeping and general 
management ; the apprenticeship question 
requires modification to suit altered con- 
ditions, for the modern apprentice is kept 
for months at work which is the merest 
routine, while he needs more opportunity of 
learning the details of tools and special 
appliances. But very few engineers have 
thoroughly equipped and organised tool- 
rooms ; many have none whatever. Even in 


shops well advanced on the new lines the 
forge, the anvil, and the hammer are found 
That one 


forming the nucleus of the outfit. 
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so often finds the two extremes of dirt and 
refinement is the best evidence that matters 
are in a state of transition. With the advent 
of the new system it becomes necessary to 
ascertain exactly 112 dimensions suitable for 
different classes of work, otherwise the ex- 
tensive use of modern gauges is not possible. 
It is not a matter of very great difficulty to 
establish the limits of accuracy if the task be 
undertaken systematically. It will repay the 
effort, for without it cheapness combined with 
good quality, interchangeability, and uni- 
formity are practically impossible. To reduce 
outlay in the modern tool and gauge outfit 
parts must be standardised as much as 
possible, and the proper. storing of tools 
must be practised. A thorough system ot 
inspection should be established, in which 
these are the three essentials : (1) inspec- 
tion of individual parts, (2) inspection of the 
assembled machine, (3) inspection as to effi- 
cient working of the machine. Under the 
modern system it is necessary to devise 
methods of rewarding labour which will 
assist to create and satisfy tool-makers, of 
whom there is at present a comparatively 
small supply. On the other hand, there are 
new conditions to deal with in the machine 
attendant. His demands must be so satis- 
fied that he will be content to do work that 
is uninteresting routine and still exert him- 
self to turn out the highest product of which 
his tools and machines are capable. The 
premium system best meets the demands of 
the machine operator, and high day-wages 
are best for the tool-maker. Improved work- 
shops are the order of the day. If shops 
remain in such a condition of moisture, 
temperature, dirt, disorder, and darkness as 
at present, it will be impossible to keep tools 
and gauges in good condition or to retain 
desirable men.—H. F. L. Orcutt, Zrams. 
Inst. Eng. & Shipbldrs., Scotland, April, 1903, 
Vol. XLVI., Part 7, pp. 1-17. 


How to change the worker’s attitude to- 
ward his work by means of a change in the 
system of apportioning 
Gift Propositions the recompense for it 
or Paying 
Workmen. would seem to be the 
foremost problem of the 
opening years of the century. How shall 
the worker, whatever his grade of skill or 
efficiency, who has hitherto worked only for 
a fixed daily wage, be so paid hereafter that 
he shall not only get all. that he earns, but 
that he shall be willing and even desirous to 
do more, and thus to earn more, up to the 
limit of his ability? On the face of it piece- 
work, or pay exactly proportioned to the 
amount of work done, is the only exact 
justice. Unfortunately, it is sometimes so 
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craftily manipulated that justice deserts it. 
On the promise of equitable payment for 
actual work, and in exact proportion to what 
is done, the worker comes too often to find 
that in the end it is a mere arrangement to 
squeeze from him more work for less wages, 
so that if by day wages some are paid too 
little, by piece-work a much greater number 
are ultimately so paid. Too many bosses 
get alarmed as soon as the men by piece- 
work begin to get any appreciable percentage 
above day wages, and then the cutting of 
prices begins, and the men soon get disgusted. 
It is my view that for everything a workman 
can do there is a fair and equitable price, 
whatever the difficulty of determining that 
price, and that when the man does the work 
he should get the price. The piece which by 
extra exertion he does last brings as much 
or more profit to the proprietor as the first 
piece that is done, and it does not appear 
why the man should not have his pay the 
same for each. No one can assert that the 
premium plan gives him this. It does not 
appear to me that the premium plan, or any 
other gz/¢ proposition, offers or suggests a 
permanent or satisfactory solution of the 
problem of equitably adjusting the wage to 
the work, so that the opening century still 
has a job before it to devise some scheme 
more equitable and more deserving of per- 
manent adoption. — F. Richards, Pafer 
presented at the Proc. Am. Soc. Mech. E., 
Dec. 1902, Vol. xxiv. 


MECHANICAL. 
THISs is the first article of a series on this 
subject, and the immediate object is to give 
a method of laying out a Corliss 
Layout of or other similar valve gear, using 
—— as a starting-point the desired 
Gears. percentages of compression and 
release. The method at present 
in use does not involve these quantities, but 
is based on empirical tables of “laps.” The 
basis of the method is due to Prof. John H. 


>> 
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Barr, of Cornell University.—San‘ord A. 
Moss, Am. Machnst., April 25, 1903, pp. 
518-22. 


METALLURGY. 
THE diagram given includes data from 
British and American furnace records, and 
will be found both useful and 
Sioa Suonase interesting to all engaged in 
the design and working of 
blast furnaces. The left-hand column gives 
coke consumption per day of 24 hours per 
furnace where the blast is heated in fire-brick 
stoves, while the right-hand columns show 
the volume of blast per minute to be supplied 
by the blowing engines and the horse-power 
of the air cylinder. The diagonal line in- 
dicates the pressure of the blast due to the 
volume. Some modifications are necessary 
in the results shown in the diagram under 
certain conditions. For instance, the volume 
of air required will be affected if the coke 
has a higher carbon content than 85 per 
cent. ; the volume of blast must be increased 
where the friction in air-ducts is great. With 
furnaces of large capacity and low-blast pres- 
sure the reduction of pressure in the furnace 
is very great, while in the case of large out- 
put compared with capacity the effective 
pressure of the blast is maintained much 
higher in proportion. The diagram clearly 
shows that the consumption of coke, and, of 
course, the output of pig-iron, cannot be in- 
creased by raising the pressure of the blast 
unless the volume is increased propor- 
tionately. The chief use of the diagram is 
its application for comparing the statements 
of furnace working by furnace managers. It 
will be found to indicate that at many British 
furnaces the output would be considerably 
increased simply by increasing the volume 
of blast and without increasing the pressure 
to any extent, while in other cases the in- 
creased output could not be obtained unless 
the pressure as well as the volume were 
increased.—Horace Allen, /ronm and Coal 
Rev., Feb. 20, 1903, p. 487. 


Sa 


ERRATA, 
Page 477.—Inscription under Fig. 9: For Prezometric read Piezometric. 
Page 481.—Twelfth line: For 60 read 60%. 


Page 482.—-Second column in table: For special read specific. 


Third column 


in table: For 4/2 x zo5 read M?x Hro’. 


Page 488.—Tenth line: For suburban district read suburban track. 
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eae CAPACITY 
UTILIZED. INCREASED. 


WASTE : ‘tue ° COAL 









DELIVERS Pe el: 
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FEED- 
WATER 
TO 


STEM SAVES 


=. fg 15 » 257 
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HIGH 
TEMPERATURE 
BY 

UTILIZING 





Telegrams: 


“* ECONOMISER,” ; 
Write for details to the Patentees and Sole Makers. 


E. GREEN & SON, Ltd., 2, Exchange St., Manchester, Eng. 


Kindly mention Fei.pen’s MAGAZINE when abblying to Advertisers. 
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(Continued). 
Name of = ve Renber of Postal Address. Setegragite ox Cabte 
P J.WALTER .. .. .. «ss +s 6 | 34, Boulevard de la Villette, Paris Pearse, 34 Villette, Paris 
PEARS RUA ua: 63 | Be - - tierley Hill 
PECKETT @ SONS ob zt a Locomotive Works, Bristol «» | Peckett, Bristol 
PHILLIPS’ MONTHLY MACHINERY REGISTER a oe & os . | Machinery, Monmouth 
PHENIX DYNAMO MANUFG. CO. a a7 ord, Yorks. esx 
WHYTE © WADDEL ae * .+-} Johnstone, 


POWER GAS CORPORATION, Ltd. 





RANSOMES & RAPIER, Ltd... Beet Waterside Works, Ipsnich 
Victoria Street, S pi 

gm teth eee 52 a oS oe | fa ov. Pai 
RELIANGE LVaniGaTie oti, 00 Net L. ~ Water Lane, Great Tower St. B.C 
RIMINGTON BROS. ike gl oa Robey Street, Cats Sa 
ROBEY & O0., Ltd. ba ab ye = 37 | Globe Works, Lincoln 
ROCKWELL-WABASH CO., Lia. .. =. :: ::  &2| 60, Milton Street, E.C. 
ROSE, DOWNS & THOMPSON, Ltd. I oT. 6 | Old Foundry, Hull .. 

12, Mark e, London, E.C. 
DouIne © , ae Works, Thornbury, Br: 
RUTHERFORD, A400." .. 3 aprsbined es s 
SEPTIC TANK SYNDICATE, Ltd. h Circus, Exeter 
SHAW, JOSEPH .. .. a0 | Albert W: 
Mon, ws ie of & nee ‘Work Vernon Road, Basford, | 
SIMPLEX STEEL CONDUIT CO., Lea... .. ~ Sa; See. E.C., and Bi 
SMITH, FREDERICK & 0O., WIRE MANUFACTURERS, Caledonia Works, Halifat 
— HUGH @ Oo. 4 és Pe va we 4 ~ Possil Works, Glasgow 
STEEL COMPANY OF SOTLAND, ita“. 2‘.  32| 5 Royal Ex 

TRERN'’S WELDLESS 4 igen Cover i ie copia Aye “ive Euan ni i 

SUMMERSOALES, W.4& 80NS, Ltd... 4s 
TA Kent Street Works, Leicester 


YLOR & HUBBARD 47 
TEES SIDE BRIDGE @& ENGINEERING Worx Lid. 2 
THOMAS A. ASHTON, Ltd. 38 


UNION ELECTRIC CO. ze ry we ~ 
UNITED STATES MEYALLIO ALLIO PACKING GO., Ltd. -. 43 
VON DER HEYDE, J. BENNETT .. es ak 
VULCAN BOILER AND GENEAAL INSURANCE CO., Ltd. 

WARD, THOS. W.. we ow os ot 
WEST'S GAS IMPROVEMENT CO..Lta.:) |; sa 
WHITE, H.. MANUFACTURING CO. ‘ ve tot 
WILLANS & ROBINSON, Ltd. « 2s «. 5 38 
WINN, CHAS. & CO. fom. 08 5s = a6 a aa 








Samecoeeier 


Albion Works, 
Ironworks, 





N.B. . 
39 Victoria Street, Westminster, S. w. 


“ pine me Ipswich ; 


+. _Robev, 
.. | Ootype, London 





Ransomes Rapier, London 


soe ea 
ht ar'is! 
Lincoin 





| Bataince, Nottinghiin — 
LA diph London 





Seep Thee, Bs ninprecaset ns ie 
St, cae Victoria ~ Viggen E.c. 
Soho Works, Bradford © 


Brown Street, M. Saag 


ag oS 


mab | Smith, Halifax 
~ | Possil, Glasgow 


Albion ies Piatting, Manchester 
104, Market\$treet, "Manchester" 


in 





| Spencer, Melksham 





JOHN GIBBS é SON 


Our Patent DUST-PROOF Electrically. Driven 


AIR-PROPELLING and 
VENTILATING FAN . 


IS THE 


STANDARD TYPE ——.< 


Adopted and Approved 
by the Leading . .-, 


INSURANCE COMPANIES. 


2 2 
VENTILATING SPECIALISTS, 


79, Duke Street, 








LIVERPOOL. 





Telegraphic Address; “ Ventilation, Liverpool,” 
Telephone No. 1389. 














Kindly mention FRILDEN’S MAGAZINE when applying to Advertisers. 




















THE 


CLEVELAND BRIDGE 


AND 


ENGINEERING Co. Lo. 


DARLINGTON 


BRIDGE BUILDERS AND CONTRACTORS 
ANNUAL OUTPUT 15,000 TONS 








CONTRACTORS FOR 





THE NEW HIGH-LEVEL BRIDGE OVER THE TYNE 
AT NEWCASTLE FOR THE NORTH-EASTERN RLY. CO. 
CARRYING FOUR RAIL ROADS 
VALUE HALF A_ MILLION 

















Specialists in Deep Foundation Work  - 4 








a 
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so - a ey 
~ Mere ee 














BUYERS’ REFERENCE GUIDE 
Specialities Advertised in this Tssue. 


The Postal and Telegraphic Addresses will be found on the alphabetically arranged list of firms on pages 2 and 4 









































Abrial eS ere. 


° eek Fo paw s 
Henderson, John M, & Co. 


Air Sous ssenes 
rene &Cc 
ling & Co.; ‘Lta.. 


Brackett, F. W. 
Henderson, J. M. & Co. 


Arc Lamps 
aot & Co., Ltd, 
Belting 
Flemie. Birkby & Goodall, Ltd. 


Boilers 
Clarke, C & Co., Ltd. 
——— & Co., Annan, ‘Led. 


Hendecsba, J. M, & Co. 
——s A. G. 
& Co., Ltd.” 


Rutherford, A. & Co. 


Pearson, E. J. & 
Bolts and Nuts 
Davies, Richard & Sons 


Bids e Builders 
, Sir William & Co,, Ltd. 


Findlay, K. & Co., Ltd, 


Butters (Hydraulic) 


Ransomes & Rapier, Ltd. 

Buildings (Steel) 

Handyside, A. & Co., Ltd... 
Cableways, 
: derson, John M. & Co. 
aa Capstans 

. Nessomer & Rapier, Ltd... 
Castings and Forgin 


Cement 
Martin Earle & Co., Ltd. 
Coal pontine 22 Plant 


Henderson, 
Ransomes ‘* Rapier, ia. 


Ceal and Ore 

th. & Co., Ltd. 
Condensing Plant 

Bever Dates & Co., Ee 

lapham . Ltd. 

Mather Ay : Plate, Ltd... 

Mirrlees Watson Com; y, Lea, 

Pearn, Prank a Con Lede. 
cunemaiiah oswork 


Handyside, A Cm wh he ag sept os 
Ransomes & Rapier, Ltd. 


Convey 
Adame}. B +4 ag Gana 
Henderson, & Co. 


Spencer & yaa te Ltd. 


Kramer, H. V. & 


ADVT. PAGE 


Boiler Coverin uge an and Seatings 


Cleveland Bridge and Kg Co., 


Handyside, A. a Co., 5I 
Henderson, J. M. & x ‘Sus sion) : 35 
ae Side ‘Bridge & Engi « Works, 


« cover iii 


Crane Stavpeeene (Electrically) 


- 3 


38 


; 3 

35 

cover iii 
. 60 


- SF 


coveell 


, one 


+ 3 


3 





ADVT. PAGE 


Bedford Co. .. as 
Bronitent Thomse® Sons, Ltd. 
Shaolin & Co. Be bef mee oe 
Hendoeson, ohn M. & Co,” a 


Kramer, H. V. & Co, 





ranes (Hydraulic) 


= 


Cranks 
Clarke’s Crank and Forge Co., Ltd. 


Dene | Machines 
Dust Collecting Apparatus 


ii 


Rs 


“Kramer, H. V. & Co, 


Kramer, H. V. & Co. 
——_ imgtgiattons 


escchite Lg Blocks 


sbiae ors 


Spencer & Co., Ltd. 


Emery and oe ore Machines 


Rogie Sons, Ltd, .. 
Sather '& Place Lid. 





(Continued on page 8.) 
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& Bean Sent 
Ransomes & pr aeete aie os -. cover itt 
‘aylor & Hubbard we me ve 


« 6 


tu 63 
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Co. “ *e oe - 
es & Rapier, Ltd. .. .¢ cover iii 
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ADVT. PAGE 
vers 
ae y > London Scottish Engraving Co., Ltd. 1. sz 
Extruded Metal 
Delta Metal Co., Led. y, os « SBy 
Fans and Blowers 
Adam, J. M. & Co. .. as ai ‘ 
Keith, } & Blackman Co., Ltd. .. + 36 
pan, Union Fire Clay C Ltd. 64 
Os de 
Pearson, E. J. & J., Led. se «- 63 
Forced Draught annie 
Horsfall epee § an c0 oo - 5S 
Mason, W. F., rh oe re 
Forgings. otc. 
"s Crank and Forge Co,Ltd. .. 50 
Friction Clutches -* : 
& Co., Ltd. “a 
Da Co... - . 39 
Hi Co, . 35 
Mather & Piatt, Ltd. . 


Green, E. & Son, Ltd. ° 3 
Fi Builders 
Mason, W. F., Ltd. . 55 
Bros. 
S Cangas 
Gas jucers 
Mason, W. F., Ltd. 35 
Gear 
Brown & Sons, David 8 
Noiseless Gear Co. ,”) 
Harbour Plant 
Henderson, J. M.&Co. . ses at % 
Ransomes & Rapier, Ltd. . +. Cover ii 
Hoisting and Conveying Device. 
4 oayeyt . as me 
Mather & Ltd. oe o «= 19 
Ransomes & Rapier, Ltd, .. «= Cover hi 
Hydraulic Buffer ; 
& Rapier, Ltd. .. +» cover iii 
H lic Machi 
Rover Doning & Co “is a? 
Heenan & F ve ay ae | 
Midddleton, Robert... .. 16 
i Stampingsand Forgings 
icNeil, Chas. . 
leo Making Machinery 
a iil 
y oneey bay oe ama pe ten 
India Ru 


India Rubber, G Percha & Telegr: 
ia , Gutta 
Works Co., Ltd, a ee ~~ 
Indicators 

McInnes, T. S, & Co. Ltd. 


Iron and Steel Goods 

Handyside, Andrew & Co, Ltd... ae 
Lathes 

Parkinson, fF: .. ee 42 


| Laundry & Cookin M Siners 
| naan, Sek Lin, . 45 











make it easier for them te increase their business. 


Advertising in FEILDEN’S MAGAZINE will 


strengthen the hands of your Representatives, and 

















Maker 


DUPLEX PUM 


ses Mine 


Also Makers of... 
HIGH-CLASS WINDING ENGINES, 


HAULING AND AIR-COMPRESSING 
ENGINES, 


FRICTION CLUTCHES. 
~<dme— BEVER’S PATENT HIGH-SPEED ENGINES. 


Contractors to H.M, War Office, Admiralty, 
Crown Agents for the Colonies and India Office. 








Kindly mention FEYLDEN’S MAGAZINE when applying to Advertisers, 
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BUYERS’ 
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Lighting (Petroleum) 
Kitson Lighting gt 95: ot 


Great Britain, Ltd., cover iv 
motives 
Avonside Engine Co. . 
Dubs & Co. 5 és 
Hudswell, Clarke & Co., Ltd. *  - 
Manning. Wardle & Co. os “a 
Peckett & Sons ee a" > io. x 
Lubricating Oils 
Reliance Lubricating OW Co. 
Lubricators 
Ashton. Thomas A., Ltd 
Rimington Bros. ° 
Machine Tools 
Clifton & weeet os " ee 
Craig & Donalc ha oa on + 20 
McOnie, A. nF : pe -. a 
Park: 42 
Pollock, Ww te & Waddel.: 
Smith, » Bagh &C 21 
Ward, 61 


Manhole and ‘Sludge Doors 
McNeil, C 

seediaahen: Stoker (the a Koker ”" 
Meldrum Bros., Ltd 56 


Mining | Machinery 
Bever Dorling & Co., Ltd. 2 
Heenan & Froude .. es 9 
Henderson, John M. & Co, re +. 35 
Robey & Co., Ltd, .. oo ee «37 
Mond Gas 
Power Gas Corporation, Ltd. 
Motor Vehicles 
Coulthard, T. wee Ltd... 29 
Kramer, H. V. & Co, o> 
Office S; ctalities 
Library Bureau, }-t ee - 3 
Rockwell-Wabash Co. Ltd. ~ 62 
Oil Can, Seamless 
Kaye, Josh. & Sons, Ltd. 58 
Oil Mill Machinety 
Rose, Downs, Thomsva, Ltd. 63 
ou Pumps 
Winn, Charles & Co, 40 


Ornamental Fountains & Vases 
Handyside, A. & C 
Packings (Metall and other) 


Lancaster & cover ii 


United States Metallic Packing Co. Ltd. 43 

Von der Heyde, J. Bennctt 60. 
Paper Pinions 

Reid Gear Co. .. 58 
Patents 

Cullen, Orlan Clyde .. 40 
Pattern Making : 

Brown, D, & Sons .. * ee - 8 


Phote-Bagravers 

ion Scottish Engr. Co., Ltd, . 3 

Pistons ae : 
Airey, James .. a 
Lancaster & Tonge, ‘Lea. : -. cover ii 

Pneumatic Tools and Ap itances 


Adam, J. M. & Co, Cosxeyer 
Henderson, hag a M. 35 
United States etaliic Packing Co., Ltd. 43 
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Philliy 
Dunlop, D 


Pump. Ate 
Mather Pia 


rank ‘x Co., Ltd, 


} Penge (Hand) 


Ransomes & Rapier, Ltd. . 


Pumps, Steam 
Bever em bg Co., Ltd. 


Brackett, F. 


Clarke, Chapman & Co., Lita. 
& Co. A 


Evans, Josepb, & Sons 
Hathorn Da 


Mather & Piatt, Ltd, 
Pearn, Frank & Co., Ltd. 


Rensomes & Rapier, Ltd. 2 


Rails 


Askham Bros, & Wilson, _ 
Gillespie & Wilson .. 


ications 
ps acne. Register 
. & Co ac 


Ayo Co., Ld: 
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+ cover iil 


cover iii | 


“+ 99 


Railway & Contractors’ Plant 
Henderson, John M. & Co. 


Kansomes & Rapier, Ltd.. 


35 
cover iit 


efrigeratin Machiner 
ae pty gt s aging Led. 


Foundry & 
fancies & Ra ae 


Spencer & Co., 


& Froude 
Horta oasnae Co., Ltd, 
ason, W. F., Ltd. 


Meldrum Bros., Ltd. | 


Rock Drills 


ae 


Refuse Septructers 


Henderson, Ne M, & Co. 


Handyside, A 
Rotary Ki 


Ins 
Martin Earle & Co., Ltd, 


Scientific tninlvwenasiia 


Cambridge Scientific Instrument Co, 
Ltd... .. F *% ee - as 


Sewage Di 


Mather & P'att, Ltd. 


Septic Tank Syndicate, Ltd. 
Eg ery &c, 


Ship Models 


&Co. .. 


Stipyardas aed E Boller Makers’ 
Donald La 


$ mith, hag She. 


Ship’ s Deck Machinery 
Clarke, Chapman & Co., Ltd, 


Crai 
McOnte. 


Silos 
Spencer & Co., Ltd. 


Sinking Pumps 
ae Dori aco. Ltd. 


Bever lin; 
Evans, Josep! 


Smiths’ earths. 


. & Co, Ltd. 


«+ cover iii 


as 


45 


Tools 
oe. - = 


41 


rd 


Handyside, Andrew & Co., Ltd. oo St 





omnaie 














All Sizes 
upto 18 ins, 


Bailey’s Patent Safety 





“ Coppet Ca 
Fusible Plug. 
34, Albion asi 


W. H, Samaty ek, LD., MANCHESTER. 


















cover ii 
| Winches 
Henderson, John M. & Co. ae “35 
Ransomes & SEN Ltd... .. coveriii 
Winding Eo 

Bever Co Ltd. : ; 
M. & Co. : - 35 

Wire and Wire R 
Henderson, John M. es ws 35 
Smith, Fredk, & Co., Ltd... ve 60 


ADVT, PAGE 
Steam and other Hammers 
Davis & Primrose. .. a a oo 4 
Steam Traps af 
' Lameaster & Tonge, Ltd. +. coverii 
Work ’ 
Colville, David & Sons, Lt +» 30 
ey ew Pomme os so, Lid. +. 50 
—, A. Ltd. ot gs 
Steel ompaffy be Secdan a wry 
cha Wore. Machinery 
Henderson, John M. & Co... “fi 35 
Structural Engineering 
Clyde Structural fron Co,, Ltd. .. 22 
Heenan & Froude .. a se ae 
Switches and Crossings 
Ransomes & Rapier, Ltd. .. +s cover iii 
Tanks and Cisterns 
Ransomes & Rapier, Ltd. .. cover iii 
Tramway P Piast é 
| + td. f, 











aa J 

Hadfield's Steel Foundry Co., Lik °. 50 
Translations (Technical) 

Pearse, J. Waltcr .. oo . « 6 


Traversers 
Ransomes & Rapier, Ltd. .. 


Turbines 
Macdonald, John & Co. .. be ao 


Taratables 
Ransomes . Rapier, Ltd. . +s. cover iii 


Vatves fens Stop & Reducing) 
es @ Pate bed we .s ee fd 
naw, Joséph .. ~ 

Veutanting 3 Machinery, &e. 

Gibbs, 

Wagons 
Ransomes & Rapier, Ltd. . 


Watches 
White, H. Manufactwiing Co. .«. oy 88 


Viator; Level iamnepats 


weighing Machloey 
Weldless Chains 
Strathern’s W eldless Chains, Lee 


cover iii 


in or Some es . *: ee 


cover ii 


Machiasry 
mel @& Sun -.. i - 


Wire Tramways 
Henderson, Johan M, & Co. 35 
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When requiring TREBLE RAM PUMPS or 
POWER PUMPS of any description 
Apply to the ACTUAL MAKERS, 


JOSEPH EVANS & SONS, 


CULWELL WORKS, 


WOLVERHAMPTON. 


Telegrams: 
‘* EVANS, Wolverhampton. ’’ Depots:— 
NEWCASTLE-ON-TYNE. 


London Office, MANCHESTER 


SALISBURY HOUSE, } CARDIFF. 
LONDON WALL, E.C. 7 CLASCOW. 
DERBY. 


FIRST AWARDS sj eurasr. 


EVERYWHERE. 


HORIZONTAL TREBLE RAM MINING PUMP, DRIVEN BY THREE-PHASE MOTOR. 


PUMPS AND PUMPING 
MACHINERY 


4 Are our speciality. 


Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 



























































































LOCOMOTIVE 
WHARF 4 
DERRICK wD CRANES. 








CRANES OF ALL TYPES AND POWERS. 


ALEX CHAPLIN & CO.,_— 


97, HELEN STREET, GOVAN, GLASGOW. 















Telegrams Weigh Leeds - Tel mew 
@ @er 8 * 









TESTERS 


Trade or College Laboratory Purposes 


WIRE, CAST-IRON SAMPLE BARS, 
HOOP-IRON, STEEL & INDIA RUBBER. 








SAML. DENISON & SON, MOORSIDE, .38%s. 








Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 
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DAVEY, PAXMAN & Co., Ltd. 


COLCHESTER, England. 


ENGINES AND PAXMAN’S 
BOILERS PATENT 
OF VARIED INDEPENDENTLY- 
TYPES FIRED | 
AND SIZES SUPERHEATERS 
TO MEET AND 
ALL CONDENSING 
REQUIREMENTS, PLANTS. 





LATEST DESIGN HORIZONTAL COUPLED COMPOUND ENGINE 
Fitted with Paxman’s Patent Drop Valve Gear. 





PAXMAN’S “ECONOMIC” BOILER. 






> <> <> BOILERS: 
IMPROVED “SV” VERTICAL ENGINE. LANCASHIRE, 
SIMPLE AND COMPOUND cae. 
PORTABLE AND SEMI-FIXED WATERTU 
Grams. an ton Saree 
AIR COMPRESSING, WINDING 


AND PUMPING ENGINES. + sendin 


“PEAGHE” HIGH-SPEED 
ENGINES. 


South African Office 
P.O. Box, 2037 





honden Office— 14 & 15, STEYTLER’s 
78, QUEEN VICTORIA = S — BUILDINGS, 
STREET, E.C. COMPOUND PORTABLE ENGINE. JOHANNESBURG. 





Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 
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MATHER & PLATT, Ld., 


SALFORD IRONWORKS, 
aap MANCHESTER. 













800 K.W. PLANT—SALFORD ELECTRICITY WORKS. 





CONTRACTORS FOR ELECTRICAL PLANT 
OF ALL KINDS. 





Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 








You make money: you also make TOOLS. 
Would you like to so increase your business that it 






would be necessary to extend your works? The 






way to secure new business is to get your name 






before the proper people. What better medium to effect 
this than FEILDEN’S MAGAZINE ? 






Everything points to the conclusion that in the 
near future the keenness of business competition will 






drive manufacturers to realise the fact that they must 






advertise, and that they must advertise better than 






they have done in the past, and to cause the non- 





advertisers, to seriously consider whether or not the 





time has arrived for them to advertise also. 







When this time arrives the best advertiser 
will get the plums: in the meantime, it will 






pay you to keep your name before buyers by securing 
space in FEILDEN’S MAGAZINE, and so 
be fully prepared for the ordeal. 







Kindly mention FRILDEN’s MAGAZINE when applying to Advertisers. 
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Electric Cranes. 
Watches. 
















ELECTRIC CRANES! 


Do you want an Overhead Electric Crane, 
SOUND, RELIABLE and IN EVERY 
SENSE SATISFACTORY ? If so, WRITE 
US ABOUT IT, because that is the Crane 
we make. 


THOMAS BROADBENT @& SONS, 


Ltd. 


HUDDERSFIELD. 








LOUIS XIV. 


A SPLENDID 





REPEATER $5 o 


Have you a Repeating Watch? 


No! then you can have no idea of 
the delight and comfort such a 
watch is! 


A Repeating Watch is a priceless pos- 
sesston—hitherto debarred to all save the 
wealthy, owing to its prohibitive cost— 
since it tells the hour at night without 
occasion to disturb one’s rest to seek a 
light, whilst in travelling, when to obtain 
a light may be impossible, tt is invaluable. 

Apart from its Repeating Action the 
watch possesses a splendid movement. 

The Company have produced a Watch upon 
which every ——- may be placed at fully 
30 per cent. below the customary retail price. 

Upon receipt of £5, the Company will mail, at 
their own risk, this magn‘ficent 
LOUIS XIV. QUARTER REPEATER 
built after the antique Louis XIV. model—A 
Superb Keyless {-plate Lever of exceptional 
finish, with Chronometer Balance. Repeats 
hours and quarters on fine musical gong. Beauti- 
fully made Gun-Metal Casesi_ Gold Slide and 
Mounts. Very :—- and compact. Forms an 
admirable Dress Watch. Highly recommended 
as the very best built, moderate-priced Repeater 
yet produced. 


In SOLID 18-ct. GOLD CASES, $10 10. 


The ‘‘ DEAD-BEAT ” 
CHRONOGRAPH. 


Specially manufactured for Consult- 
my Re ey and Specialists, The 
“Dead Beat” Independent Centre 
Seconds and Minute Recorder is 
absolutely the finest Chronograph 
ever produced. 


An unfailing Recorder and a Superb Time- 
keeper. 


Sent at the Company’s Risk upon 
Receipt of £5. 


High-Grade Lever Movement, fitted with Chrono- 
meter ce—ensuring accuracy under any climatic 
conditions — Brequet Spring (preventing variation 
woilst riting, cycling. etc.) Admirable appearance, 
An Ide: s Wa Fine Gun-Metal Cases, 
Massive Sterliog ; Siver Cases, if preferred, 


ABSOLUTELY NON-MAGNETIC. 


Sent for Insp»ction.—Anv watch sent for inspec- 
tion (U. Kingdom) upon receipt of reference. Simi- 
larly, money orders may be made payad/e 10 days 
after date of issue. 

FREE !—Guide Book of Watches. Rin; 
toev: ry applicant mentioning F EILDEN'’S } 

Colonial Orders engage special attention. Either 
Watch sent at the Company’s risk, on receipt of 
P.O.0. or Draft. Insured postage, 2s. 6d, (Britlsh 
Possessions) ; Elsewhere, 5s. 


. etc., sent 
AGAZINE, 








H. WHIT 





MANFG. 


co, 104, Market St. 


The Great Northern Chronometer Makers, 


Corner of 
Fountain St. 


» MANCHESTER. 
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Diiscellaneous. 














7 ND Ra + Roce a 
} Lavin” 











High-Class — 


Hydraulic Machinery. 


ELECTRIC & HYDRAULIC 
PASSENGER LIFTS, 


Accumulators, 
Cranes, 
Pumps, 
Presses, 





| : Valves. 
ROBERT MIDDLETON, 


Sheepscar Foundry, LEEDS. 
London Agent: 
Ee. C. AMOS, 20, Bucklersbury, E.C. 
Tel. Add.—* Hydraulic,” Leeds. Nat Tel. 214. 
Codes used—Lieber & ABC, 4th Ed. 
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THERMO-ELECTRIC THERMOMETERS. 
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The couple, consisting of a platinum platinum- 
iridium junction, is enclosed in a porcelain tube. 
The temperature obtained is measured on a special 
form of voltmeter, reading to 1600 degrees Centigrade. 

Each division on the dial is equal to 25 degrees 
Centigrade. 

Price of the instrument, complete with 
couple and leads, as shown in the illustration £13 17 0 


The CAMBRIDGE SCIENTIFIC INSTRUMENT Co., Ld., 


CAMBRIDGE. : 
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mye COCHRAN BOILERS. 


High-class Boilers, 
PATENT, VERTICAL, MULTITUBULAR, and 
CROSS-TUBE TYPES. 

@ @ 

COCHRAN & CO., ANNAN, Limited, 

ANNAN, SCOTLAND. — 























BLACKMAN FANS ; 


ELECTRIC OR BELT-DRIVEN 


For VENTILATING WORKSHOPS, 
FACTORIES, Etc. 








Daler Noor Not Not Noro 


JAMES KEITH & BLACKMAN CO., Ltd., 


27, Farringdon Avenue, LONDON, E.C,, ana srancues } 
Wied | 
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AS SUPPLIED TO 
THE 
ENGLISH 
ADMIRALTY 
FOR 


FIRST-CLASS 
TORPEDO BOATS 
AND 
VEDETTE BOATS. 








FOR ESTIMATES, etc., abs 
APPLY TO fii 


CULVER STR 









ee ey 


oy A ACoanaeMeA aac peacay 


EET WOR 


“MUMFORD” PATENT 


al 


WATER-TUBE BOILER 


BOPP P PPA LPL NL 

rm meas. Highly Efficient. 
Economical. 

mm Simple in Construction. 
Easy to repair. 
Tubes can be replaced 
without disturbing 
the surrounding Tubes. 
Perfect Combustion. 
Occupies small space. 


SF 


— 


TELEGRAPHIC ADDRESS : 
**MUMFORD,” COLCHESTER. 
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~ - Parken Works - ~ 
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Specialty Came Steel Framework : Concert Hall, Glasgow Exhibition. ABE. code used ~ 


ALL KINDS OF PRESSED STEEL Trouci FLoor- 
-ING FOR ROAD ¢ RAILWAY BRIDGES. BUILDINGS 


—— Telegraphve Address :—- FinpLay. MotHerwet . ~ &c ~ 
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The India Rubber, Gutta Percha, 
and Telegraph Works Co., Ltd., 


ELECTRICAL ENGINEERS & CONTRACTORS. 
Manufacturers of 


SILVERTOWN 


DYNAMOS, MOTORS, SWITCH-BOARDS, CABLES, &c. 


Wires. Batteries. Insulators. Carbons. Arc Lamps & Fittings. 
Instruments. Torpedo Apparatus. 


SILVERTOWN VULCANISED INDIA RUBBER 
Hose. Driving Bands, Steam Packing. 

Sheet, Valves, Washers, Buffers, Tubing, Solid Cord, Springs, Shoe Soles, 
Mats, Brake Blocks, Wheel Tyres for Cabs, Carriages, Cycles, etc. 
Roller Covers. Football Bladders. Lawn Tennis Balls. 
MOULDED GOODS TO ANY PATTERN. 


SILVERTOWN EBONITE 
Insulators. Speaking Tubes. Surgical Appliances. Screw Stoppers. 
Battery Cells. Sheet and Rod. Photographic Articles. Pumps. 
SPECIALITIES IN EBONITE FOR CHEMICAL WORKS. 


SILVERTOWN GUTTA PERCHA 
Tubing, Belting, Buckets, Bosses for Flax Spinning, Golf Balls, Sheet, 
and Tissue. 


SILVERTOWN WATERPROOF GARMENTS & FABRICS. 
Coats, Capes, Hats, Hospital Sheeting; Water and Air-proof Beds, Pillows, 
and Cushions; Baths, Life Belts, Diving Dresses, and all classes of 
Proofed Goods. 


























BRANCHES: 

Home — Abroad — 
BELFAST: 33, High Street. BRISBANE: Edward Street. 
BIRMINGHAM: 27, Albert Street. BUENOS AYRES: Calle Reconquista, 140 and 142. 
BRADFORD: 1, Tanfield Buildings, Hustlergate. BULAWAYO (RHODESIA): Willoughby Buildings. 
BRISTOL: 28, Clare Street. ‘ CALCUTTA: 1-1, Fairlie Place. 
CARDIFF: Pierhead Chambers, Bute Docks. CHRISTCHURCH (N.Z.): 234, Cashel Street. 
DUBLIN: 15, St. Andrew Street. DURBAN (NATAL): 213, West Street. 
GLASGOW : 8, Buchanan Street. MELBOURNE: 274, Flinders Street. 
LIVERPOOL: 54, Castle Street. PERTH (W.A.): 131, Queen's Buildings, William St. 
MANCHESTER: g, Sussex Street (City). \S SYDNEY: 279, George Street. 
NEWCASTLE-ON-TYNE: 59, Westgate Road. 
PORTSMOUTH: 49, High Street. FRANCE: Offices—o7, Boulevard Sebastopol, PARIS. 
SHEFFIELD: 1, Fitzalan Square. Works—PERSAN (Seine-et-Oise . 


Works: SILVERTOWN, LONDON, E. 
Head Offices and Warehouses: 100-106, Cannon- St., LONDON, E.C. 


— ” 
Telegraphic Addresses { Oftie®~‘'SILYBRORAY, LONDON. 
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TEES SIDE BRIDGE 
ENGINEERING WORKS, 


LIMITED, 


CARGO-FLEET, 
MIDDLESBROUGH. 





BRIDGE BUILDERS 


AND 


CONSTRUCTIONAL ENGINEERS. 


SPECIALITIES. 
BLAST FURNACE PLANT. PIT HEAD GEAR. 


L &C., &C. 4 
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Editor—C, EDGAR ALLEN. 
Manager—GEO. H. COOK. 
Northern District Manager—W. S. BAIN, 
96, Renfield Street, Glasgow. 
Telephone No. 2959 Glasgow (Corporation)- 


Agents. 
UNITED STATES :— 
The International News Co., 83, Duane 
Street, New York. 
CANADA :— 
The Montreal News Co., Ltd., 386-388, St. 
James Street, Montreal; and The Toronto 
News Co., Ltd., 42, Yonge Street, Toronto. 


AUSTRALIA and SOUTH AFRICA:— 
Gordon & Gotch. 


CHINA, JAPAN, and STRAITS SETTLEMENTS :— 
Kelly & Walsh, Ld. 


INDIA :— 
Thacker & Co. 


Direct representation in other parts of the World. 


| 
| 
| 
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Feilden’s Magazine is published on the Ist of 
every month. 

Ordinary Edition at all bookstalls and news- 
agents, 6d. ; by post, 9d. 

Subscription Edition paper, 
12s. 6d. per annum, post free, including all 


on fine art 


special issues. 


Address all communications and remittances, and make 
drafts, cheques, and money orders payable to the Head 
Office s 

THE FEILDEN PUBLISHING CO., Ltd., 
Gwydir Chambers, 104, High Holborn, 
LONDON, W.C. 
Telegraphic Address—‘‘ impregnate, London.”’ 
Nat. Telephone—1049 Holborn. 

The whole of the contents of this publication is copyright 

and full rights are reserved. 
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BOOKS RECEIVED. 


CONTINUOUS-CURRENT DYNAMOS AND MOTORS 
AND THEIR CONTROL. By W. R. Kelsey, B.Sc., 
A.LE.E., F.Ph.S. London: The Technical Publishing 
Co., Ltd., 55, Chancery Lane, W.C. ; and John Heywood, 
29, Shoe Lane, E.C. Price 5s. net. 

SPECIFICATION for a Lancashire Boiler and Boiler Seat- 
ing. By “Inspector,” M.I.M.E. Manchester: The 
Technical Publishing Co., Ltd., and John Heywood. 

L'ELECTRICITE A L’EXPOSITION DE 1g00. Pub- 
lished under the direction of E. Hospitalier and J.-A. 
Montpelier. Paris: Vve. Ch. Dunod, 49, Quai des Grands- 
Augustins. 1903. 

IRON AND STEEL, IRON ORE, AND COAL STATIS- 
TICS for the United States, Great Britain, Germany, 
France, and Belgium. Revised to the end of 1901. By 
James M. Swank, General Manager of the American 
Iron and Steel Association, Philadelphia, 1903. 


CATALOGUES RECEIVED. 


SIMPLEX STEEL CONDUIT CO., LTD., Coventry 
Street, Birmingham. This is the fifth annual price list 
issued by this firm in connection with the Simplex Steel 
Conduit System, and it contains a notice to the effect 
that on account of the increased demand for Simplex 
material, it has been found necessary to extend the 
Birmingham works, and to equip new shops for the 
manufacture of iron-cased distributing boards and special 
fittings. A new feature referred to in this catalogue is a 
complete sand-blasting plant, through which process all 
Simplex fittings now go previous to galvanising or 
enamelling. 

ROYCE, LIMITED, Hulme and Trafford Park, Manchester. 
A well-illustrated catalogue of this firm’s dynamds and 
motors, containing such of their specialities as are of 





importance in most installations of electrical power dis- 
tribution. 

GRAHAM MORTON & CO., LTD., Leeds. An exhaustive 
catalogue of the conveying, screening, and crushing plants 
for collieries, mines, boiler houses, gas and electric light 
works, etc., undertaken by this firm. 

THE FAIRBANKS CO., 78-80, City Road, London, E.C. 
A catalogue of their reed pipe fitters’ tools, all of which 
are particularly useful for pipe and tube fitters, being the 
results of extensive experience by the makers of tools of 
this description. 

THE BRITISH PROMETHEUS CO., LTD., 18, London 
Road, Kingston-on-Thames. A catalogue of this com- 
pany’s system of heating and cooking by electricity. The 
principal objections that have been urged against the use 
of electricity for cooking and heating purposes have been 
done away with by the invention of the “‘ Prometheus” 
System, and the reduction in cost of electrical energy (for 
cooking and heating apparatus), that has recently taken 
place in most of the large cities and towns. 

LIERNUR’S ENGLISH SYNDICATE, LTD., Cannon 
Street House, r1o, Cannon Street, E.C. A descriptive 
account of the Liernur Improved Pneumatic Sewerage 
System, as installed at Stansted, Essex. 

COMMERCIAL INTELLIGENCE CONVERSION 
TABLES for Foreign Moneys and Measures. Part I.— 
English-French, English-German Tables. London: The 
Commercial Intelligence Publishing Co., Ltd., Temple 
House, E.C. Price 2s. net. This is a reproduction in 
book-form of a long series of tables of commercial 
equivalents to assist in the ready preparation of foreign 
price lists, published during the past few years by ‘“‘Com- 
mercial Intelligence.” 

THE BRITISH SCHUCKERT ELECTRIC CO., LTD., 
Clun House, Surrey Street, W.C. Aon illustrated pamphlet 
of this firm’s continuous-current generators. 
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Steam Engines. 
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LISTER DRIVE.—LIVERPOOL CORPORATION. 


1,200-1.H.P. TRIPLE-EXPANSION SETS 


FOR ELECTRIC TRACTION-POWER AND LIGHTING. 


HAUNT 


i 


tl 











/ 


Hitt 
i 


A 
Milt 
2 








WILLANS ¢ ROBINSON. L™?) Rugry. ENGLAND 
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: 300 
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Manufacturers by 
SIEMEN’S OPEN 
HEARTH PROCESS 
only. 


For .«-. 


BOILERS, SHIPS, 


| 

| 

| BRIDGES, 
MILD. LOCOMOTIVES, 

| 


STEFL PLATES oe | 


ALSO ANGLES,: TEES, FLATS, ZEDS, CHANNELS, ETC. 
SPECIAL STEEL for FIRE-BOXES—“‘ DALZELL THREE-CROWN SWEDISH”; 
also other Special Qualities of Steel to tests, as may be arranged. 


On War Office and Admiralty Lists. * Stee/ supplied to leading Boiler, Ship, Bridge, Locomotive 


. Contractors to British, Foreign,and # and Railway Companies 
a Colonial Governments. @ WEEKLY CAPACITY EXCEEDS 5,000 TONS. & 
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Established !860. Tel. Address :—‘‘Loco., Leeds.” 


HUDSWELL, CLARKE & Co., Ltd. 


RAILWAY FOUNDRY, LEEDS. 
LOCOMOTIVE ENGINES, 


Of all sizes and any gauge of Railway, of greatly improved Construction, for Main or Branch Railways, 
Contractors, Ironworks, Collieries. Prices, Photographs, and full Specifications on application. 














SOLE MAKERS OF THE “RODGERS” PULLEYS Giadicteved) 
Wrought Iron throughout, Rim, Arms and Boss. 
ALSO “ETCHELLS’” NON-DRIP BEARINGS, SHAFTING AND ACCESSORIES. 


PECKETT & SONS, “*“vons'"* BRISTOL. 


Speciality: Tank Locomotives, of all sizes and a of improved construction and latest design, 


Telegraphic Address— 
** PeckeTT BrisTou.” 


9? 











Telephone Number— 
NATIONAL 7306. 





Established 1864. 


Specifications, Photographs and Prices on application. 2: 1, Soetetiean, Peceeadhe oie Riis on napeeiee 
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Gawaae trans. 


MANUFACTURERS OF 
MILD es PLATES for Ships, Boiler and Bridge-building, ANGLES, 
Bars, Tees, and all forms of Sectional Bars required or constructive 
castiNGs of all kinds and largest sizes or Ship Stems, Stern Posts, Anchors, 
udders, 
eens of every description. AXLES of highest quality to meet 
a pecan of Home and Colonial Railways. 
omotive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all Kinds used for constructive purposes, 


ALL KINDS OF 
GRAIN HANDLING 
MACHINERY. 


ELEVATORS. 
CONVEYORS. 


WRITE FOR 
ILLUSTRATED 
HANDBOOK. 
SECTION 1, 
GRAIN HANDLING 
PLANT. 


REFRIGERATING 
MACHINERY. 


OPENGER & C0, LTD, stexxscam wars 
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FOREHEAD LIKE THIS 











Please tell the owner he can _ straighten 
out the wrinkles by sending that 
old-fashioned filing system of his to the 
scrap-heap and _ installing 


THE LIBRARY BUREAU NUMERICAL VERTICAL 
SYSTEM OF FILING. CORRESPONDENCE 





Simple One place for each correspondence 
Compact One number for each client 
Accessible One minute or less to wait for all 


{ Reliable the facts of the case 


As a filing system it stands pre-eminent to-day 
YOU are invited to send for complete 
descriptive tooklet to 


LIBRARY BUREAU, Ltd. 


10, Bloomsbury Street, 
LONDON, W.C. 
Branches at 12, Exchange Street, MANCHESTER; 


58, The City Arcades, BIRMINGHAM; and 
Union Buildings, St. John Street, NEWCASTLE-ON-TYNE. 











Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 




















(€) 


"UVINENLILINW =GNV ‘HSINYOO “SUIHSVONVT “Suz 1l0d 


—— 


SS Tr a 
>. Sie sath poe 











‘YVSD SATIVA dOY¥d LN3ALVd HLIM 


ie soubu weajg punodwog pure 21duig 


‘O's ‘NOGNO"1 


Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 


6yo0u7g BIu0OROIA UGEND ‘gy * °°!” ‘GNVIONA ‘N"1IOON i 


“P71 “OD ® YOLOOYUd ‘NOLSNY 

















OOo 


AAA Daa ADADDADDAAAAADAADAADAADAAADADAADAADADAAAb AAA hhh hhh 









eer a hy, t _ e A 
Gare TLDS IS at roUS Rat ream 


Dapp appa papa rpappap pp ppphpppp ppp php papa bpp ppp hp ppp ppp php php hp ppp pp ppp ppp ph hhh hh 


W. H. ALLEN, SON & Co., Ltd. 


Queen’s Engineering Works, BEDFORD. 


> 
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Maaufacturers of 


HIGH-SPEED ENCLOSED 


ENGINES 


POWER & TRACTION WORK. 


Standard Two and Three Crank Compound and Triple 
Expansion Type from 30-1,500 B.H.P. 


QUICK DELIVERY OF STANDARD SIZES. 


Motor and Steam Driven Centrifugal 
Pumping Plants of any size for 
Docks, etc. 


ai bb be Db bd be bb i Rid 








Motor and Steam Driven Surface and 
Jet Condensing Plants. 


SOOO STSSCSCSSSOSSSSSOSOSSESSOOOS 





Complete Central Station Transmission 
and Power Plants carried out. 
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JOHN M. HENDERSON & CO., 


KING STREET ENGINEERING WORKS, 


Telegrams and Codes used :— 
“compe ABERDEEN, SCOTLAND. heen. 
ABERDEEN.” Contractors to the Admiralty War Office, etc. & “ABC” (4thed.) 
Henderson Henderson 
CABLEWAYS, COTCH DERRICK CRANES. 





Improved Design. 
Steam, Electric or Hand Power. 
Design strong, Speeds quick. 


For Quarrying and Mining. 
Bridge and Viaduct Con- 


struction. 
Dock Excavations and Henderson 
Construction. are a 
Dam and Pier Construc- ! ES, 
tion, WHARF CRANES, 
Canal and Trench Work. LOCO. AND PORTABLE CRANES, 
Etc., etc. All Types made tor Hand, 
Henderson Steam or Electric Power. 
1 PEWAYS Henderson 
For Conveying any Materials E AND STONE-WORKING ! 





over Level or Hilly Lands 
Cheaply and Expeditiously. For Cutting, Drilling, 


Lifting, Sawing, Turning, 





Henderson Polishing, etc, 
HOISTI Henderson 
DEVICES R R 


For all purposes. RECISTERED TRADE MARK (Air and Steam). 
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High-Speed Engines. , NUE 




















BROWETT, LINDLEY % GO. bro. 


Patricroft, MANCHESTER. 


High-Speed - - 
Self-Lubricating 
Steam Engines. 


STANDARD SIZES 
From 20 to 5,000 H.P. 








180-K.W. THREE-PHASE PLANT. 


Sub-Licensees to Messrs, Easton & Co. Ltd. for 
The SCHMIDT PATENT SYSTEM FOR DEALING WITH 


HIGHLY SUPERHEATED STEAM. 





LONDON OFFICE: 6, OLD QUEEN ST., WESTMINSTER, S.W. 


Representative for Scotland: JOHN A. RUDD, 177, West George St., Glasgow. 
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Oil Engines. 





“CAMPBELL” Oil Engine. 





MADE IN ALL SIZES AND TYPES. 


Xas the Largest Sale of any Oil Engine in 
the ‘World. 


GOLD MEDAL AWARDED, PARIS, 1900. 


@eeCEC GOO 
SOLE MAKERS... 


THE CAMPBELL GAS ENGINE CoO. 


London Office: HA Li FAX, E N G LA N D. Glasgow Office: 
114, TOOLEY STREET, S.E. 2 : 104, BATH STREET. 
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Discellancous. 








Soper 








CHARLES WINN < CO. 





SCREWING MACHINES “s° 


MODERN TYPE 


FOR TUBES & BOLTS stocks «& pies. 
£240,000. 


This is the value of the New and Secondhand 


MACHINERY 


and Accessories 
advertised for Sale and Hire in No, 340 of 


e ’ . - 
PHILLIS’ Monthly Machinery Register, 
NEWPORT, MON. 

(29th Year of Publication.) 

The original ‘‘ Machinery Register” and the best medium 
im the World for the Purchase, Hire, and Sale of Plant of 
every description. 

Specimen co copy Sixpence. Annual Subscription, 

Six Shillings, post paid to any address. 








We shall be pleased at all 
times to send, free of charge, a 
SPECIMEN COPY 


of FEILDEN’S MAGAZINE to the 
friends of any of our readers on 
receipt of the name and address. 


Centrifugal Pumps an 
Pumping 
Engines 


For Docks, Circulating Purposes 
Salvage Work, &c. 


DRYSDALE & CO., 


: Bon Accord Engine Works, 
ui GLASGOW. 
Le egy 








The “ BUFFOLINE ” 
NOISELESS GEAR Co., 





LEVENSHULME. 
MANCHESTER, 


Are the largest makers of 


NOISELESS 
GEARS IN 
THE WORLD. 


Send for our new 
“Red Book.” 














Contractors to British Government. 





Che “Shaw” 
PATENT STEAM VALVES. 


Special Advantages: 
Bronze Metal Renewable Seat, In- 
terchangeable Concentric Valve, Self- 
Centering under any variation in the 
wear or strain of the spindle; Special 
=a ©Packing to Valve — Material 
and Workmanship of the very best. 


Correspondence invited. 


JOSEPH SHAW, 
Albert Works, HUDDERSFIELD. 

















ORLAN CLYDE CULLEN 
Counsellor-at-Law 


U.S Supreme Court, Registered Attorney U.S. Patetit Office, 
United Sates and Fore Patents, Caveats, Trade Marks, 
and ¢ Copyrights. 


No. 700 Seventh Street, N.W. 
Opp. U.S. Patent Office. WASHINGTON, D.C. 
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Steam-Bammers, 


Machine Cools. 











OUR AUTO SCREW-CUTTING LATHES 
BEAT THE RECORD FOR 
SQUARE OR VEE THREAD 


scar or ura. :::: SCREWS 
SINGLE OR MULTIPLE LEAD... e 






CAN SEND YOU TIMES ON GIVEN SCREWS. 


J. PARKINSON, SHIPLEY, YORKs. 











STEAM HAMMERS 


ALL KINDS AND SIZES 


FORGES ano SMITHS’ SHOPS. 


DAVIS & PRIMROSE, 
Se Great Junction Street, 
EDINBURGH. 








Patents. —= 

We have no doubt that many of our readers are from time to time devising some new and 
useful ideas, many of which, if properly introduced, would turn out remunerative investments. 
We have therefore pleasure in inviting all our inventive readers to write to the Editor of Feitpen'’s 
Macazine, marking the envelope “‘ Patents,’’ when one of our Patent Experts will reply direct by 
letter, The more simple the invention, the better it is likely to pay you. 
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PACKINGS 


Good enough 


FOR 
H.M.S. ‘‘ TERRIBLE,”’ R.M.S. ‘‘ CAMPANIA,” 
H.M.S. ‘‘ LEVIATHAN,”’ R.M.S. ‘* LUCANIA,” 
H.M.S. ‘‘ KING ALFRED,” R.M.S. ‘*‘KILDONAN CASTLE,”’ 
H.M.S. ‘‘GOOD HOPE,”’ R.M.S. ‘‘ BRITON,” 
H.M.S. ‘‘ DRAKE,”’ R.M.S. ‘* TUNISIAN,” 
H.M.S. ‘‘ BEDFORD,”’ S.S. ‘‘NEW YORK,” 
H.M.S. ‘‘ ESSEX,”’ &c., &c., 


Are worth YOUR consideration. 


UNITED STATES METALLIC 
PACKING CO., Ltd., 





Soho Works, BRADFORD. 











Engineering Digest 
A TECHNICAL REVIEW OF REVIEWS 


THE WORLD’S TECHNICAL PRESS IN A NUTSHELL. 














} Provides an Intelligence Depart- SUBSCRIPTION: 

ment for Up-to-date Business Three Months - - 6/6 
2 cdi ish ay 9 Pe 5 6... ae ae Six Months- - - 13/- 
Twelve Months - 26/- 





Post Free 
Publishers: 


D. N. DUNLOP & Co., 


Effingham House, Arundel Street, Strand, 
LONDON, W.C. 
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(HARkES McNEIb, 


SPECIALIST IN 


Hydraulic Stampings & Forgings, 
ON ADMIRALTY AND WAR OFFICE LISTS. 
Telegrams: ‘‘ Macngit, GLascow.” 


Kinning Park Ironworks, 
270, West Scotland Street, GLASGOW. 


CHAS.MS NEIL 
MAKER 


KINNINGPARK |RONW 


GLASGOW. 


Pitan 


A 





McNEIL’S 


Weldiess Wrought Steel Stand Pipes are 
very superior to either cast or welded ones. 
Bottom Flanges for Single or Double Riveting, and 
Curved to suit diameter of Boiler 


SAFE, STRONG, DURABLE and LIGHT. 











Luke & Speneer, 


BROADHEATH, 


MANCHESTER. 
Telegraphic Address 


“Emery, Altrincham. ” ee 
National Telephone : 
** Altrincham, 49.” 


Manufacturers of 

GRINDING. 
OGn « « ¢ » 
POLISHING 
MACHINES 
EMERY .. 
WHEELS . 
Bte. . « « « 


e 


Send for our 
Enlarged 
Catalogue, 
Free on 
Application. 








7 CUNARD LINE. 


NOTICE.—The Steamers he = Line come 
alongside the Prince's Stage, L’ , to land 
Passengers without the intervention of 
Tenders. and London passengers depart from 





INAUGURATED JULY 4rx, 1840. 


42500 TONS LENGTH 625 FEET 





arrive at the Riverside Railway Station on the 
Quay adjoining. 











FASTEST SHIPS BETWEEN LIVERPOOL AND NEW YORK. 
LARGEST SHIPS BETWEEN LIVERPOOL AND BOSTON. 
The Twin-Screw Ships ‘ 


Sailings to and from New York and 

Boston on Saturdays and Tuesdays 
FITTED WITH MARCONI SYSTEM OF WIRELESS 

TELEGRAPHY. —— 

UNSURPASSED ACCOMMODATION at MODERATE FARES for ALL CLASSES and for ALL STEAMERS. 


For Gibraltar, Malta, 8; Smyrna, Constantinople Patras, Corfu, 
Meee net tumesmentaeves Sent iet ae Sa oN 


Ancona, Fiume, Trieste, and Venice. 
HAVRE SERVICE. Freight Steamers from Liverpool and Havre weekly. 
For full 


iculars apply at the Company’s Offices; in New i at 29, Broadway ; in Boston, at State St.; in Havre, at 23. Quai d’ ay 
in Paris, at 2 bis, Rae Scrive; in London, at 32, Cockspur St., S.W., and 93, Bishopagate St., Eee in at 18, 
Glasgow, at 30, Ja naica St. ; in Leith, at Exchange Buildings; in Belfast, at 4% Queen's Sq. ; in Gosenetoees at Cunard Wharf; or to 


THE GUNARD STEAM SHIP COMPANY, LIMITED, 


*Ivernia” and “ Saxonia,” which sail between 











8, Water Street, LIVERPOOL. 


r 
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Laundry and eustinn Machinery. | 
Ship Models, §<. Shipbuilders. 6. 








} DENS vane 





W. Summerscales & Sons, Ltd. 
KEIGHLEY, 
LAUNDRY AND COOKING ENGINEERS. 





‘* PRACTICAL’ WASHER. “CHALLENGE ”’ IRONER. 


Plans, Catalogues, and full Particulars given free. 


Telegrams: ‘ PHa@nix, KEIGHLEY.” 


Manufacturing Opticians, - - - 

K ELSO & COM PAN Y, Electricians, and Model Makers. 

COMPLETE SHIP MODELS 
—A SPECIALITY. 


Electric Ships’ Bells and Indicators. 


Scientific Apparatus of every Description to order. 
Estimates on application. 





SHIP MODEL FITTINGS, on one-fourth and one-eighth inc 
séale, always in stock or progress, ‘as supplied by us to the principa 
Shipbuilders at home and abroad. 





Models made to any size or Scale. Inventors’ Models carefully made to instructions. 
Office and Works: 47-57, Oxford Street, GLASGOW. 
Telephone No. 5142. Telegraphic Address—* MODEL, GL ASGOW.” 












A. RUTHERFORD & CO. 


Neptune Works, BIRKENHEAD, 


SHIPBUILDERS and REPAIRERS, 
ENGINEERS and BOILER MAKERS. 
a) 


Every description of Launch, . . 
Barge, Lighter, Surf Boat, &c. . 


a a) 
Builders to the 
BRITISH and FOREIGN 
ADMIRALTIES and the 
_ ROYAL NATIONAL 
LIFEBOAT INSTITUTION. 
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Dynamos, Airc famps. Motors. J 
Cramways. 






STEERS 

























We specialise 

in 

the manufacture 
of 

and application 
to 

all industrial 
purposes 

of 


= Eo Dynamos 
For every circuit and voltage. Are Lamps 


©f all sizes and kinds. al Motors 


The Union Ecectric Co. Lto., 
151, Queen Victoria St., LONDON, E.C. 


“ABEAM LONDON.” <-<<« ‘Telegrams »—> ‘POTENTIAL, GLASGOW.” 











THE BRITISH ELECTRIC CAR CO., Ld. 





co pe _cseleaiaineibes he a ee BR sh 
THE “€,€.” STANDARD CAR, 


TRAMWAY AND LIGHT RAILWAY CAR BODIES AND TRUCKS. 


Head Office: 1, 2, and 3, Oxford Court, Cannon St., London, E.C. 
Telephones $008 BAK. OY MONPON.” WORKS: TRAFFORO PARK, MANCHESTER. 
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Dotors. Cranes, 











in Sizes to 150 B.H.P. 


ENCLOSED or SEMI- 
ENCLOSED TYPES. 


& 


Motor-Generators, 
Balancers, Boosters. 


® 


PHEENIX DYNAMO 
MFG CO., 


Bradford, YORKS. 


capi «3 


30°B.H.P. MOTOR. 300 REVS, 


The Midland” 


Locomotive 
Steam 


Cranes. 


Made in sizes, 4, 1, 14, 38 and 5 tons. 
READY FOR DELIVERY. 


TAYLOR & HUBBARD, "2" LeicsTEn 








Tececrarnic Avoness: 
LIFTING, LEICESTER. 











Te.erHone No, 575. 
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Publications. 
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This magazine, 


this very copy, this page, this advertise- 
ment contains a message from Bristol 
for you! 


Cut this out, send it with your name and address and one penny stamp for 
postage to the address given: below, and we will send you a specimen copy of 


Che British Advertiser. 


The journal of the man who believes in doing things. 





a. =. el i 











ONE RITISH ADVERTISER, 
PENNY ALDWIN STREET, 
STAMP. RISTOL, ENG. 

TO IRON AND STEEL MANUFACTURERS. TO GAS ENGINEERS AND MANAGERS. 








Weights of Steel Bars. Modern Appliances in 


Gas Manufacture. 


? BY 
FLETCHER W. STEVENSON, 
Compiled by MLC. 
FRANK BARKER. © Ain tnteitheahte trned * 
$ > 
Price, post free . . 5s. Gd. 
Send 13 stamps for a copy to... ee 
FRELDEN PUSLEEENG Ci, iat FEILDEN PUBLISHING CO., Ltd, 
Gwydir Chambers, 104, High Holborn, Gwydir Chambers, 104, High Holborn, 
LONDON, W.C. LONDON, W.C. 
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BIRMINGHAM ARCADES. 


‘ELECTRIC LIGHTING PLANT. COMPLETE INSTALLATIONS. 


CROMPTON & CO., LTD. 


ARC WORKS, SALISBURY HOUSE, 
CHELMSFORD. LONDON WALL, 


(38) 
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5¢ 
Nye] Steel Casti nd i ~ 

LDL NTS | ot Sapanes out Pstees i : 
POINTS, CROSSINGS, TIE-BARS, 


SOLE PLATES, DRAIN RAILS' AND 
DRAIN BOXES, WHEELS AND 
eee AXLES, ETC., ETC. 


HaprieLo’s PATENT MANGANESE STEEL 


TRAMWAY TRACK-WORK, 
FOR eet. THE WEARING PARTS OF 
ORE CRUSHING MACHINERY, ETC. 





























casTnGe 6 Forums | ‘HADFIELD’S “LIMITED, 


OF EVERY DESCRIPTION. «SHEFFIELD. 





















LARKE’S —-., 
: CRANK AND FORGE CO., Ltd., © 
Manufackusere, of LINCOLN. K 


: mania CRAN KS Bent, Solid, or built up'; and 










a FORG INGS of all Descriptions, 


On Admiralty IN SIEMENS MARTIN OR 
List. BESSEMER STEEL. 











Black, Rough Machined, or Finished Bright. 


‘Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 


















ena pre} 





























HANDYSIDE 


DERBY & LONDON 
































The majority of the 


ILLUSTRATIONS 


appearing in the literary pages of 
FEILDEN’S MAGAZINE 


are offered for Sale at the following prices :— 


Line Blocks - - 3° per sq. inch. 
Half-tone Blocks «- ._ 5°” 
2 @B@ 
Orders should be accompanied by remittances. 
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Studios and Works :— 
19 & 19, CURSITOR STREET, 
CHANCERY LANE, E.C. 





Telephone :—1638,. Holborn, 
“ # 


Photo Half-Tone Engravers of Every Description. 





Experts _in Catalogue Illustrations. 





Artists’ Designers and Technical Photographers. 





HALF-TONE, LINE, OR WOOD BLOCKS. 
OUT-DOOR PHOTOGRAPHY. 

ORIGINALS TOUCHED UP IN AN ARTISTIC MANNER. 
PUBLICATIONS OF ALL KINDS ILLUSTRATED. 
ARCHITECTURAL AND MECHANICAL WORK A SPECIALITY. 
ILLUSTRATED TRADE CATALOGUES 
DESIGNED, PRINTED, AND PRODUCED COMPLETE. 

a 4 
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: THE NEWTON ELECTRICAL WORKS, Lo, TAUNTo¥ 


Makers of - - Dynamos, “ Mawdsley” Patent Motors, 
Protected & Enclosed; Switchboard, &c., aiso 


THE “A.B.” GAS and OIL ENGINES. ena 





Electric Specialities. Publishers’ 
Announcement. Friction Clutches. 


! 


als 












































4 SIMPLE. RELIABLE. EFFECTIVE. ? No Constant Attendant. 

, No Danger. 

; Awarded Eight Gold and Silver Medals. z No Geller ; 
a ° 

4 Specifications and Estimates Free on Application. Starts Without Trouble. 3 
> 


eee ir aaa AAAAAAAAAAAAAAAAAAAAAADAAAAAAAAAAAAAAAAAA 





ORIGINAL ARTICLES.—The Editor will be pleased at all times to enter into an 
arrangement with engineers and others interested in or connected with technology 


for illustrated contributions of technical interest, and dealing with subjects within the j 





purview of the Magazine, viz., Construction, Power, Traction, Tools and Manufacturing 


Methods, Engineering Economics, 


WORKSHOP PRACTICE.—The attention of Works Managers, Foremen, and those 
under their charge, is particularly directed to this section, which has been designed for 
providing an opportunity of bringing practical ideas and experiences into print. What 


we desire to encourage is inventive capacity and originality. Send along particulars, 





accompanied by rough sketches, of emergency devices, jobs which have taxed your 


ingenuity, etc.; they are worth recording. 


We will do all that is necessary to render them fit for publication, and pay you 


at our regular rates. In addition, 


ONE GUINEA 


is awarded for what is, in the opinion of the Editor, the best contribution of the month. 














HEYWOOD & BRIDGE’S 


Improveo Parent 


FRICTION GLUTGCH. 


As Svuprtico ro 
WOOLWICH ARSENAL, ROYAL MINT, etc. 
HUNDREDS OF REPEAT ORDERS. 


SEND FOR NEW 60-PACE CATALOCUE—FREE. 


» » PATENTEES AND SOLE MAKERS . . 
DAVID BRIDGE & CO. 
ENGINEERS, 

ETNA IRON Works 


CASTLETON, Manchester. 


London"Office : 35, QUEEN VICTORIA STREET, E.C. 
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West’s Gas Saree 


Improvement Co. manchester, 


Limited, 











And 


104, Queen Victoria St., Gas & General 


London, E.C. 


Engineers. 


es Patent 
Silent 
COKE CONVEYOR 
* Naas) Hie . - Wee for 
= an seca i Conveying, 
/ WAAR, iH Elevating and 
AY A Aen ae Storing Coke 
from 
Gas Retorts and 
Similar Plant. 


uw 
Hunt’s Patent 5 
ROLLER CHAIN 


for Elevators, 
Conveyors, and General 
Driving Purposes. 


& 


West’s Manual 
CHARGING MACHINERY, 
fitted with improved 
charger and power hoist- 
ing gear for raising the 
coal hopper on the 

charging machine. 





—e 





AIR COMPRESSORS. COMPRESSED AIR MOTORS. 
WEST’S CHARGING AND DRAWING MACHINERY FOR GAS RETORTS. 
COAL-CONVEYING MACHINERY FOR GAS AND ELECTRIC-LIGHT WORKS. 


Kindly mention FEALDEN’S MAGAZINE when applying to Aavertisers. 





























. GAS PRODUCERS ~- 


Send for Part’culars. 




















Binding Covers __.= 


for all volumes of FEILDEN’S MAGAZINE may 
be had on application. Price 2s. 6d. Hundreds of 
readers have their copies bound. Why not bind 
yours? Six numbers make a handsome volume, 


and you will find it invaluable for reference. Back 
numbers are obtainable in most instances. 
FEILDEN PUBLISHING CO., LTD., 
104, High Holborn, 
W.C. 





“HORSFALL” 
DESTRUCTORS 


PERFECT ABSENCE OF NUISANCE, 
LOWEST COST OF LABOUR AND MAINTENANCE, 
MAXIMUM STEAM-RAISING CAPACITY. 


Sixty plants in active operation, burning over 3,000 tons of refuse per day 


- THE- HORSFALL DESTRUCTOR Co.,-Ltd.,- LEEDS: 
LONDON ‘OFFICE: 19, Old Quéen Street; Westminster, S.W. 
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Photo of Smokeless Chimney at Cotton Mill in Preston, where there 

are three Lancashire Boilers fitted with Meldrum & Clayton’s Koker 

Stoker, burning 75 tons of coal per week. The smoking chimney 
has stokers by other makers. 


22 BOILERS FITTED FOR THE SAME FIRM. 


RESULTS GUARANTEED. 


MELDRUM BROS., Ltd., 


Timperley, MANCHESTER. 
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MARTIN EARLE & CO. Lo. 








PORTLAND CEMENT WORKS, 
A! Coma, QUEEN VICTORIA STREET, B.C. ROCHESTER, ENGLAND. 


THE LARGEST CEMENT WORKS IN EUROPE. 





Contractors to the . 
ADMIRALTY. NATAL GOVERNMENT. 
WAR OFFICE. LONDON COUNTY COUNGIL. 


(Annual Contracts Six Years in succession.) 
MARTIN EARLE & CO., Ltd., brand of CEMENT is extensively used in the construction 
of the following Works :— 


NILE RESERVOIRS. CLYDE NAVIGATION EXTENSIONS. 
KEYHAM DOGK-YARDS EX- HASTINGS HARBOUR. 

TENSIONS (80,000 tons). LONDON, BRIGHTON & SOUTH 
MBRSEY DOCKS. COAST RAILWAY DOCKS. 
DOVER HARBOUR. LEITA DOecKS. 

MANCHESTER CORPORATION And in all the principal Colonial and 

WORKS. Import Markets. 


ar . 
MARTIN EARLE & CO., Ltd., 
Engineering Department, 
Contractors to H.M. Dockyards. 


Specialities :— 


ROTARY KILN PLANT FOR 
CEMENT WORKS. 


MACFARLANE’S PATENT COAL 
DRIER. 








ROCHESTER KENT ) 
LONDON OF FICE 159 QUEER VICTORIA STREET) 
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Are eID iene Diiscellaneous. { eoper Pega 
] if SIGHT- 
FEED 


NEVER FAIL. Thousands Sold. 


SENT FOR ONE MONTH’S FREE TRIAL. 
ns 4 4 I 2 4 Pints. 
Price 36/* ... 39/* ... B5/« ... 75/e ... WMO/e each. 
Do not confuse this with the cheap, unfinished American make. 


THOMAS A. ASHTON, Ltd., SHEFFIELD. 


: Sole Agents for England, Ireland and Wales; also Australia, New Zgaland, 
Ask for List 35. Tasmania, and the South African Colonies. 


Patent Paper Pinions 

Made of Compressed Paper for Motor Drives, 

NOISELESS, 

Y DURABLE, 

Ul ECONOMICAL. 
The REID GEAR @o., 


Y £7 \\Linwooa, Nr. Paisley, N.B. 
V4 | TATE 


SEMI-METALLIC AND FIBROUS METALLIC 
PACKINCS 


Rods of any section in Brass, ARE FANCIED BY SOME. 
Yellow Metal, Manganese TRY OURS. 


ita Allo &o. Ask for No. 1 Catalogue. 
Grease, Os ~ . Applications for Colonial & Foreign Agencies invited. 


























ELTA_META 







Highest Resistance 
to Corrosion, 


eo 
Stampings, Castings, 
Forgings, Sheets, 











Teleph 950. Teleg “Asbestos, Bradford.” 


THE DELTA METAL Co., Ltd. CRESSWELLS’ ASBESTOS 





(Alexander Dick's Patents), Wramaienceltin vines co 
a or, STREET, LONDON, E.C. BRADFORD. YORKS. 


KAYE'S ss: SEAMLESS OIL GAN 
PATENT 
FITTED WITH NEW PATENT THUMB-BUTTON 
AND PATENT SEAMLESS’ SPOUT. 
IN COPPER OR BRASS, 
For Electrical Purposes. 


e® 
Contractors to... 
H.M. NAVY, 
War Department, 
Home Office, and 
Indian State Railways. 
ee 
Sole Makers... = 
JOSH. KAYE & SONS, Ltd., Lock Works, LEEDS, and 93, High Holborn, LONDON, W.C. 
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Lyeln Publishers’ Announcements. 











f 





G 


You cannot 
afford the time 


to peruse all the technical 
‘publications that appear 
every week at home and 
abroad. 


The ENGINEERING 
ABSTRACTS 


which form a feature of 
“Feilden’s Magazine” will 
give you almost at a glance 
The Essence of all the 
important papers of the 
month. This section is, in 
fact, a— | 





Technical Review of Reviews. 
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FREDERICK SMITH & (°, . WIRE MANUFACTURERS [” 


STEEL and /RON sen dies A Bo Works, HALIFAX, ENGLAND; 
COPPER WIRE—Anaconda Works, SALFORD, MANCH ESTER. 
GaLvaNnisep lron Telegraph Line Wire to all Specifications. Rigging and Hawser Wire. 
ImproveD Patent and PLouGH STEEL Rope Wire, from 80 to 120 tons + square inch strain. 
High Conductivity Copper Wire, 100 per cent. Conductivity. LAIN Sort or TINNED for all Electrical Purposes. 
Hard Drawn H.C. Corrrer Line r= ~My be gths. Government Tests. Rops, Targs, Strips, and STRAND. 
Tel. and Cable Address : “ Smith, naconda, Manchester.” Tel. No. : 31 Halifax. 2334 Manchester. 


Discellaneous. 











A PURE METALLIC PACKING 


With a Minimum of Friction on the Rods. 


STEEL&MALLEABLE [RQ 








CASTINGS ror 5 oun mun ? 
ENGINEERS &TOOL MAKERS fie eS gat 
10 MACHINE. CLEAN & 6RIGHT “2 gee 
ALL OVER Zé mea 
®6 nea 
PARKER FOUNDRY (0,DERBY. Iie a2 
IN ADMIRALTY > 8 Bae 
Forge Alhead |? 53 
of your competitors or they will forge * "38 
ahead of you. If you surpass their] § Ff 





advertising (all else being equal), will | J. Bennett VON DER HEYDE, 8, Brown St., Manchester. 
you not get the trade? 





A Member of the N. Engl. Inst. of Mining and Mechanical 


soos cot sto te est tw gets Come se | 6 ACTRNGK ADDIRAUID 


PHYSICS & ELECTRICAL ENGINEERING. 
Published Monthly. 


ENGLISH, S 

FRENCH, > 

GERMAN “~S 
: > 





Issued under the direction of the Institution of 
Electrical Engineers and the Physical 
Society of London. 





and =) 
SS In two sections: 1. Physics; 2. Electrical Engineer- 


ITALIAN ww ing. Subscription, Parts |. or Il., 18s. post free, 


each. Both Parts, 30s. post free. Specimen Single 








In Part, 1s. 6d. post free. 
? wy MINING, GUARANTEED CIRCULATION, OvER 5,000 copies 
RS METALLURGY, MONTHLY. 


S CIVIL and Advertisement Rates on Application. 
we MECHANI@AL bax 


ENGINEERING. | Address the Publishers— 
FEILDEN PUBLISHING Co., Ld., 
Gwydir Chambers, 104, High Holborn, 
LONDON, W.C. 


Address :—J. WALTER PEARSE, 
47bis, Avenue de Clichy, Paris, XVII. 
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Belting, Machine Cools. } |r 








A CATECHISM ON POWER. 


as “TEON” Facts 


MADE IN. ENGLAND. 
1. WHAT IS ‘‘*TEON”? A composite Textile Belt possessing the following proved qualities 
2. BREAKING STRAINP One ton per inch of width—6-ply thick—other thicknesses in proportion 1 
3- DRIVING POWER? Example—A in. x 6ply “ TEON” Belt—running at 1500 feet per minute will 








transmit 224 H.P.? 

4. STEAM RESISTING ABILITY? Up to 230 degrees Fahr.! 

5- HOT-AIR RESISTANCE? More than 200 degrees Fahr.! 

6. CHEMICAL ACTION? That of Caustic Soda, Ammonia, and other Acids effectually repelled ! 

3. — EXPOSURE? “TEON” being Water-proof as well as Heat-proof, frost and thaw, rain or 

draught—however extreme—do not affect it! 

8. STRETCH? Inappreciable. All surplus stretch taken out. Just sufficient retained for due flexibility ! 
9. SLIP? Rares And when it occurs remedied by application of ‘‘ Anti-Slip” Compo.! 
10. GUARANTEE? That with fair treatment a ‘““TEON” Belt will realize in actual work the foregoing claims! 
11. COST? Reasonable. Cheap in the end! 12. DELIVERY? Prompt and carriage paid! 


BELTING. 


A trial order solicited. Price, sample, and full particulars on request. 


Sole _.; FLEMING, BIRKBY & GOODALL, Limited, 
LEATHER, HAIR, COTTON, “‘TEON,’' &c., BELTING MANUFACTURERS, 


39, Lime Street, WEST GROVE MILL, HALIFAX. 
LONDON, E.€. National Telephone 48. Telegrams, ‘‘ Fleming, Halifax.’' 


THOS. W. WARD — 
seoewsl’ittima» ALBION. WORKS, SHEFFIELD. 




















HIGH-CLASS NEW MACHINE TOOLS 
... IN STOCK FOR IMMEDIATE DELIVERY ... 


Send for Catalogues (New Issue) Post Free. 
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q Users - 
% . require such a variety of sizes of cards that 
f Rockwell-Wabash am 
Expansion Business Systems 
iz ¥ have been arranged to supply this demand 


No. 63. CARD INDEX SECTION. 5 x 3 Cards. by incorporating sections that . contain. 
drawers or files which will hold three sizes 


y of cards—5 x 3,6 x 4,0r8 x 5,sS0 thatthe 
o, necessity of having special cabinets built to 
1 oe accommodate the various sizes is obviated. 
Ss As it is impossible to ascértain in advance 
eo the exact capacity required, we have an 
1 2 additional advantage in being able to ‘add 
1 ¢ to our cabinets any section .or sections, 


No. 64. CARD INDEX SECTION. 6 x 4 Cards. 


increasing the capacity at will. 

Our main sections are subdivided into 
smaller sections, containing four, five, or 
six drawers, so that practically any desired 
increase or capacity can be obtained. 

. Letter Filing Sections can also be in- 
corporated in the same cabinet, as well as 
any other of the many devices we manv- 
. facture for the classification and filing of 
documents of every description. 

The illustrations show a: portion of our 

line of. EXPANSION CABINETS. 





delivery and careful inspection our claims 
to superiority over any competing product 
are not sustained, or the goods fail to give F 
the satisfaction to which the purchaser is 
entitled, they may be returned at our 
expense, 
None but the Vendors of the best can 
afford to print this. 
aaa 
OUR CATALOGUES WILL INTEREST YOU. 
No. 13. BASE SECTION. eae 


ROCKWELL- WABASH Co., Ltd., 


69, Milton Street, LONDON, E.C. 
ELLIOTT D. ROBBINS, Managing Director. Settenane® tan Lenton Onte 
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STOURBRIDGE 
FIREBRICKS 


for 


HIGH TEMPERATURES. 





E. J: & J. Pearson, Ltd., 
Stourbridge. 
Established 1860, 











PATENT DRYING MACHINE 
AUTOMATIC WEIGHING 
ano SACKING MACHINES. 


AUTOMATIC DUSTLESS 
SIEVE on SEPARATOR. 


DUST COLLECTORS. 
SACK STANDS, 


Save half the labour, time, and dust 
of Sacking. 


All the above are made at my own works. }~ 


RICHARD SIMON, 


Vernon Rd., NOTTINGHAM. 
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ROSE DOWNS. 
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Fire Bricks. Cubricating 
Electrical Specialities. 





-_—_ 





THE GLENBOIG UNION FIRE CLAY CO., ‘Ls. 


Offices: 48, West Regent Street, 
GLASGOW. 

42 PRIZE MEDALS 
AND DIPLOMAS 
OF HONOUR. 





IT IS WORTH YOUR WHILE TO BUY DIRECT. 


The Reliance Lubricating Oil Go. 
Manufacture and Supply the Best and Cheapest 
HIGH-CLASS 
NON-CORROSIVE LUBRICATING OILS 





AND peerage ty: GREASES. 
Sperm, rot it, tego Colza and 
eed Oils, Sis, allow, & 


THE RELIANCE LUBRICATING OIL C0., 
19 & 20, Water Lane, Great Tower St., LONDON, B.C. 


or s 
GLENBOIG 
stands. 
UBASTRAL, LONDO! 
Telephone Bey 580%. 


ABC Cope USED 





Contractors to the Principal 
National Arsenals of Europe. 


POSITIVE LUBRICATION. 


If you wish your Cylinder Oil to do duty where “heavily pressed steam is used, the Oil 
must have behind it a heavier pressure than the steam registers, or you spell FAILURE. 
In. Manzel’s Patent Sight-Feed Automatic Oil Pump the feed is positive and certain. It can be 
adjusted to the greatest accuracy, and is not subject to disarrangement by high speeds. In 
using it YOU SCORE. 


EFFICIENT LUBRICATION. 


Your oil may be all right when you put it into that old-fashioned, condensing feed 
lubricator of yours; but it is not a quarter of the value as a lubricant when it reaches the 
faces where friction should be overcome—if you succeed in getting it there. Manzel’s Patent 
Sight-Feed Automatic Oil Pump delivers the oil to the cylinder, or steam chest, in practically a 
cool state. Any lubricating expert will explain to you what that means in efficiency. 


ECONOMICAL LUBRICATION. 


The saving in oil alone, by the direct. application of it to the surfaces dealt with—i.e., 
when applied, with its natural lubricating properties undiminished, by the agency of a regular, 
accurate, systematic and positive feed—is incredible. Users of Manzel’s Patent Sight-Feed 
Automatic Oil Pump find that it soon recoups the expense incurred, and not only oylinder oil 
is saved but the cylinders themselves. 

For fully illustrated Price List apply to F Dept., 


RIMINGTON BROS.. CARLISLE. 











SIMPLEX CONDUITS, CONDUIT 
ACCESSORIES & FITTINGS, 
AND SPECIAL HAND TOOLS. 


ns SIMPLEX... | tne simpex 
STEEL CONDUIT Co., LD. | #22", Resear 


Conouir 
Giaaddneveneas lete, and comprises 6 grades 
4 Conduits and over 500 
poy Tt is manufactured 
greatest care, and 
only Bi quality materials 


80, Digbeth, BIRMINGHAM. 
20, Bucklersbury, LONDON, “ 
i, Peel St. MANCHESTER. 


IMMEDIATE DELIVERY. 





Large Stock eee 
Contractors to H.M. GOVERNMENT Stacks.at 


Telegrams— 
**ECONOMY, BIRMINGHAM,” 


and Leading Municipal & Electrical Reger seroma ane 
Corporations, : 





SIMPLEX 
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